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INTRODUCTION 


During the past sixteen months, the present writers have been investigating 
the antituberculous effects produced by py razinamide and isoniazid, administered 
together, in a series of related studies in animals and in man. The animal studies 
vith pyrazinamide-isoniazid represent part of a much larger investigation of 
antituberculous chemotherapy which will be presented elsewhere in detail (1 
Certain of the findings in animals which are particularly relevant to pyrazina 
mide-isoniazid are briefly summarized in the present report, which consists of a 
detailed presentation of the results of the clinical investigation 

Qn the basis of the observations to be presented, it has been concluded that 
pvrazinamide-isoniazid exerts a high degree of antituberculous action in vivo 
of a sort superior and qualitatively different from that of current antituberculous 
drugs used either singly or together. It has been further concluded, however 
that the high incidence of hepatitis in man during the administration of pyra 
zinamide-isoniazid makes their use together in present dosage an inadvisable 


procedure in the treatment of tuberculosis 
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i that pyrazinamide exerted a high degree of antitubercu 
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irther trial of this regimen. Another investigation of p 
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In the lung, a tissue in which the untreated infection is steadily progressive, the 
population of tubercle bacilli neither rises nor falls during ninety to one-hundred twenty 
days of streptomycin therapy. With isoniazid the microbial population falls sharply 
and in many instances drops below the limits of detection 

In the spleen, a tissue in which the untreated infection progresses at first and then 
stabilizes, the administration of isoniazid results in an immediate drop in the microbial 
census, which then stabilizes and remains constant for the experimental period despite 
continued administration of the drug. With streptomycin the microbial population in 
the spleen actually increases during the first ten days and then returns to slightly below 
the original census, where it remains despite continued therapy thereafter 

These phenomena are noted when drug and infection are started on the same day 
When chemother ipy is started three weeks after infection, the results are qualitative ly 
similar although the fall in population, which occurs only with isoniazid, is appreciably 
less marked 

The uniform persistence o! a constant census of tubercle bacilli in the spleen despite 
continue d chemothe rapy, 18a phenomenon which was subjected to especially detailed 
studies 

Two sets of observations are worthy of particular emphasis. First, the populations 
of tubercle bacilli which persist at a constant level in the spleen despite continued 
chemotherapy are not drug-resistant in the customary sense. They are easily inhibited 
by appropriate concentrations of the corresponding drugs when tested by conventional 
methods in vitro. Second, in an extensive series of experiments, it was not possible to 
modify in any way the phenomenon of the persistence of tubercle bacilli in the spleen 
hy administration of large doses of isoniazid, streptomycin, pyrazinamide, strepto 
mycin-isoniazid, streptomycin-PAS, isoniazid-PAS, or isoniazid-streptomycin-PAS 

In contrast, when pyrazinamide and isoniazid were administered together, the popu 
lation of tubercle bacilli in the spleen behaved in a strikingly different fashion. During 
the first two weeks of therapy (drugs and infection started the same day) the fall in 
the population of tubercle bacilli in the spleens of the pyrazinamide-isoniazid animals 
was identical with the fall in the spleens of the animals which received pyrazinamide 
alone. The population fall in the isoniazid animals was more rapid and greater than in 
the other two groups. From this point on, the populations in the pyrazinamide and in 
the isoniazid animals stabilized and remained constant throughout the remainder of 
the three-month treatment period. With the pyrazinamide-isoniazid animals, however, 
the census of the population of tubercle bacilli did not stabilize but, instead, the fall 
continued at a rapid rate until bacilli could no longer be detected in the spleens of any 
of the animals. 

In short, pyrazinamide and isoniazid together produced an antimicrobial action 
which was qualitatively different from that produced by any of the standard antitu- 
berculous drugs administered either singly or together. Indeed, the effects produced 
by pyrazinamide-isoniazid were of a much more eradicative type than those produced 
by the other drugs and, conceivably, may have represented complete sterilization of 
the spleens of the treated animals. The last-named point is being subjected to detailed 
investigation at present and it should be possible to establish with certainty whether 
or not complete sterilization of the mouse spleen can be produced in this manner. In 
other experiments, an attempt is being made to find out the length of time] pyrazin 
amide must be administered to produce the pyrazinamide-isoniazid effect. Stained 
smears of the tissues have revealed no acid-fast bacilli when tubercle bacilli were not 
detected by culture of the aliquots of splenic emulsion. 

The results of the population studies in the lungs during pyrazinamide-isoniazid 


therapy were identical with those in the spleen 


Further experiments in mice with established pulmonary lesions, i.e., twenty 


one days after infection, in which the pyrazinamide-isoniazid regimen was com 
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pared with the effects of the two drugs individually, have given results which were 

identical with the initial experiments. A series of studies in vitro, designed to at- 

tempt to demonstrate the unique property of the pyrazinamide-isoniazid regimen, 

have thus far been totally unsuccessful. 


The present clinical investigation of pyrazinamide-isoniazid was conducted 
on the medical services of the Navajo Medical Center, Fort Defiance, Arizona, 
and the New York Hospital-Cornell Medical Center. A total of 81 adolescents 
and adults with pulmonary tuberculosis were treated with the concurrent ad- 
ministration of both drugs followed by isoniazid alone. 


MATERIALS AND METHODS 


Type of tuberculous lesions: Roentgenographic abnormalities with the characteristics of 
tuberculous lesions were present in the chest films of all patients. In all but 9 of the 81 
patients, the pulmonary lesions at the start of therapy were designated far advanced or 
moderately advanced by the 1952 classification of the National Tuberculosis Association. 

Previous chemotherapy: Only 3 of the 81 patients had received any antituberculous chemo- 
therapy, and in no instance had such therapy been received during the year prior to the 
start of pyrazinamide-isoniazid 

Measurement of roentgenographic changes: Serial roentgenograms were interpreted peri- 
odically and changes were recorded, using the customary categories of marked improvement, 
moderate improvement, slight improvement, no change, and worse. 

For the purposes of the present report these categories have been reduced to three: sub- 
stantial improvement (marked or moderate); no significant improvement (slight improve- 
ment or no change); and worse 

Microbiologic studies: M. tuberculosis was cultured before treatment from sputum or 
gastric washings of al! but 8 of the 61 patients who received pyrazinamide-isoniazid therapy 
for at least three months. In the 8 patients with sterile cultures, microscopic examination 
of stained smears of sputum revealed acid-fast bacilli at the time antimicrobial therapy 
was started. 

After the start of treatment, specimens for culture were obtained from all patients at 
approximately four-week intervals. In addition, during two separated weeks in June, 
1953, and the first week in November, 1953, sputum and gastric washings from all patients 
who had received both drugs were stained for acid-fast bacilli and cultured for M. tuber 
culosis. 

Isoniazid-susceptibility in vitro: Determinations of isoniazid-susceptibility in vitro 
were conducted in liquid medium (Tween-albumin) after primary isolation on solid medium 
(oleic-albumin-—penicillin or Petragnani). 

General management: All of the 81 patients were hospital inpatients who were kept on 
bed rest with some individual modifications, such as the allowance of bathroom privileges. 

Tests of hepatic function: Determinations of serum bilirubin, sulfobromphthalein sodium 
retention, and thymol turbidity tests were used in the evaluation of hepatic function. 

Pyrazinamide-isoniazid regimen: Pyrazinamide was administered in a total daily dosage 
of 50 mg. per kg. of body weight and isoniazid in a total daily dosage of 5 mg. per kg 
Both drugs were given orally in equally divided doses twice daily. 

In the first 16 patients treated, the two drugs were given together for approximately 
six months with isoniazid administered alone thereafter. As evidence of hepatic toxicity 
accumulated, the pyrazinamide regimen was shortened to ninety days. When further hepatic 
toxicity led to the decision to stop pyrazinamide altogether, 18 patients had received the 
two drugs together for various intervals from two to ten weeks. Two additional patients 
died from tuberculosis on the fifth and eleventh days of therapy. 
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In all but 2 patients, isoniazid was continued after completion of the pyrazinamide- 
isoniazid therapy. The two exceptions represented 2 of the patients who had developed 
hepatitis during the sixth month of therapy. 


OBSERVATIONS 


Sixty-one patients received pyrazinamide-isoniazid for at least three months, 
with isoniazid alone thereafter. 

Only two measurable components of the course of infection during treatment 
will be considered: roentgenographic changes; and the status of infectiousness, 
as determined by culture oi sputum and gastric washings. 


Roentgenographic Course 


Siz months: Six months after the start of therapy, the roentgenographic course 
of the 55 patients for whom data were available was designated substantial im- 
provement® in 42 patients; no significant improvement in 13 patients; and worse 
in no patients. 

Nine months: Nine months after the start of pyrazinamide-isoniazid therapy, 
the roentgenographic categorizations in the 25 patients for whom data were 
available were: subsiantial improvemenf in 19 patients, no significant change in 6; 
and worse in no patients. 

Cavity closure: Cavity closure (all cavities in each patient), as determined 
roentgenographically, occurred in 23 of the 36 patients with clearly demonstrable 
cavities at the start of therapy. The cavity closures occurred during the first six 
months after the start of pyrazinamide-isoniazid with the exception of two pa- 
tients whose cavity closures occurred eight months after the start of therapy. 


Status of Infectiousness 


The status with respect to infectiousness, as determined by smear and culture 
of sputum and gastric washings, was analyzed for all of the 61 patients who had 
completed at least three months of pyrazinamide-isoniazid therapy. Six of the 61 
patients had left the hospital before the three-month bacteriologic studies could 
be obtained. In every one of these 6 patients, however, post-treatment bacterio- 
logic studies made at some time before the three-month point had failed to dis- 
close tubercle bacilli. An additional 2 patients whose pre- and post-treatment 
sputum was consistently negative for tubercle bacilli on both microscopic exam- 
ination and culture were likewise excluded. There remained, therefore, 53 pa- 
tients on whom three- and six-month bacteriologic observations were available. 
Specimens for culture were obtained at approximate four-week intervals from 
all patients. In addition, during two separated weeks in June, 1953, and the first 
week in November, 1953, sputum and gastric washings from all patients who 
had received both drugs were stained for acid-fast bacilli and cultured for M. 
tuberculosis. 


* Marked improvement, 20 patients; moderate improvement, 22 patients 
* Marked improvement, 11 patients; moderate improvement, 8 patients 
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The results of the cultural studies are presented in terms of the number of 
months following the start of pyrazinamide-isoniazid therapy and are as follows: 

M. tuberculosis was isolated from 4 of 53 patients at three months; from the 
same 4 of 53 patients at six months; and from 2 of 31 patients at nine months. 

The 2 patients designated as infectious at nine months represented 2 of the 4 
who were discharging bacilli at six months and at three months. Both of these 
patients have become noninfectious following excisional surgery. 

Thus, more than 90 per cent of the group of 53 patients was noninfectious 
within three months of the start of pyrazinamide-isoniazid therapy. The same 
group was also noninfectious at the six-month observation point, and its 29 
members who have been observed for nine months were likewise noninfectious 
at that time 

The only indication of a renewal of the infectious state which has been observed 
has been the finding at twelve months of acid-fast bacilli in the sputum of a 
woman with a roentgenographically demonstrable cavity. Cultures of sputum 
obtained at the same time failed to reveal tubercle bacilli 

Although 47 of the 53 patients were noninfectious at three months and there- 
after, the actually demonstrated incidence of reversal of infectiousness'® was 
slightly lower. The reason for this is the inclusion of the 8 patients from whom 
M. tuberculosis was not isolated on the single pretreatment culture or thereafter. 
Justification for the inclusion of these 8 patients rests on the fact that acid-fast 
bacilli were readily demonstrated on microscopic examination of the pretreat- 
ment sputum obtained from all of the 8 patients; and the roentgenographic find- 
ings and course (including cavity in 4) were characteristic of pulmonary tubercu- 
losis. When these 8 patients were excluded from analysis, the actually dem- 
onstrated incidence of reversal of infectiousness was 41 of 45 patients, or 
90 per cent 

Presence of cavity in relation to status of infectiousness: To a certain extent, the 


reversal of infectiousness during chemotherapy in a group of patients with 


pulmonary tuberculosis is a reflection of the extent of regression of the individual 


lesions. Among the 53 pyrazinamide-isoniazid patients, all but 4 of whom were 
noninfectious at six months, a roentgenographically demonstrable cavity or 
cavities was present at that same time in 14 patients. 

Microscopic examination of stained smears of sputum: Appropriately stained 
smears were examined for acid-fast bacilli at the two June and one November, 
1953, cultural examinations mentioned above. The results of the two methods 
showed good general agreement. In a few instances, acid-fast bacilli could be 
detected at the time of the first culture negative for M. tuberculosis but dis- 
appeared thereafter 

I soniazid-susceptibility in vitro: Data on the isoniazid-susceptibility in vitro 
of the patient-strains of tubercle bacilli during therapy are fragmentary, for 


“The term reversal of infectiousness is used merely to designate the situation when, 
despite repeated attempts, tubercle bacilli can no longer be cultured from sputum or gastric 
washings of patients who were previously discharging such bacilli. It is not intended to 
imply that the state of noninfectiousness is necessarily permanent 
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only 4 patients continued to discharge bacilli after the first four to eight weeks 
of pyrazinamide-isoniazid therapy. Three of these patient-strains, isolated at 
three months, were drug susceptible (inhibited by 0.13y of isoniazid per ml.) 
and one patient-strain was resistant (not inhibited by 25y of isoniazid per ml.). 
Determinations at six months (3 patient-strains) and nine months (2 patient- 
strains) revealed no subsequent change in the status of the patient-strains tested. 


Hepatitis 


The only definite manifestation of drug toxicity noted was the appearance of 
unequivocal evidence of impairment of hepatic function in 6 patients. The ab 
normalities in function were accompanied by icterus in 4 of the patients and, in 
3, the hepatitis was severe. 

One of the severe reactions occurred in a 45-year-old woman, who died of 
rapidly progressive hepatitis eight days after the first evidence of drug intoler- 
ance appeared on the fifty-fifth treatment day. Another patient with severe 
hepatitis has made a complete recovery with normal values for hepatic function 
but only after experiencing a severe illness with marked icterus and ascites. The 
third patient’s illness was only slightly less severe. She has made a complete 
symptomatic recovery, but abnormal values for hepatic function persist. 

Examination of hepatic tissue obtained by biopsy in the second patient and 
at autopsy in the fatal case revealed the characteristic findings of a severe chem- 
ical hepatitis 

The hepatitis was first detected in the fatal case on the fifty-fifth treatment 
day and in an alcoholic patient with suspected hepatic cirrhosis on the ninetieth 
treatment day. The other 4 cases were the first to occur, and all appeared during 
the sixth month of therapy. Consequently, it was at first believed that shortening 
the pyrazinamide administration to ninety days might provide a satisfactory 
margin of safety. The subsequent appearance on the fifty-fifth treatment day of 
the reaction which rapidly proved fatal resulted in the discontinuance of the 
pyrazinamide altogether. 

The six instances of hepatitis were equally distributed between the Arizona 
and the New York Services. As 66 patients received pyrazinamide-isoniazid for 
fifty-five or more days, the incidence of hepatitis in the present series was ap 


proximately 10 per cent. The remainder of the patients showed no evidence of 


impairment of hepatic function at any time, and the 5 patients with nonfatal 
hepatitis have completely recovered except for the persistence of abnormal 
values for hepatic function in the one patient 


DISCUSSION 


Treatment of 55 patients with pulmonary tuberculosis on a regimen of pyra- 
zinamide-isoniazid for three months or longer and on isoniazid alone thereafter 
resulted in sustained reversal of infectiousness in 90 per cent, substantial 
roentgenographic improvement in 75 per cent, and cavity closure in 65 per 
cent of those with cavitary lesions. These results were all attained within 
the first six months of therapy except for later cavity closure in 2 patients. No 
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patient showed evidence of progression of disease on roentgenography. In the 
portion of the group for whom nine months’ observations are available (approxi- 
mately one half), the results have remained unchanged. 

Three patients died: 2, of tuberculosis within the first eleven days of therapy; 
and one, of hepatitis on the fifty-fifth day of therapy. These 3 patients are not 
included in the 55 patients cited above, all of whom completed at least three 
months of therapy. Five instances of nonfatal hepatitis occurred among the 61" 
patients between the third and the sixth months of pyrazinamide-isoniazid 
therapy. 

Evaluation of the antimicrobial activity of a drug in pulmonary tuberculosis 
is a very difficult procedure for two principal reasons. In the first place, roent- 
genographic densities may be quite similar despite variations in the character 
and potentialities of the pathologic processes involved. Second, it has been 
shown by actual trial that assignment of pulmonary lesions viewed on serial 
roentgenograms into even such crude categories as “‘better,” ‘‘worse,”’ or ‘‘no 
change”’ is associated with a fairly wide margin of error (5). Nevertheless, despite 
the relative crudity of the method, roentgenographic studies have quite properly 
been the principal reliance in evaluations of antituberculous drugs. The chief 
reasons for this practice are the facts that the method is uniformly applicable in 
all cases of pulmonary tuberculosis and the other manifestations of this disease 
are even less susceptible to regular measurement. 

In the present study with pyrazinamide-isoniazid, the results by roentgeno- 
graphic evaluation were superior to the results observed in a series of patients 
with pulmonary tuberculosis who were treated with isoniazid alone by the same 
investigators (6). A 75 per cent incidence of substantial roentgenographic improve- 
ment and no instances of disease progression were observed at six and nine 
months on pyrazinamide-isoniazid in the present study in contrast to an incidence 
of substantial improvement of 55 per cent with a 7 per cent incidence of disease 
progression among the patients who received only isoniazid (6). Moreover, this 
75 per cent incidence of substantial roentgenographic improvement with no dis- 
ease progressions is apparently superior to the 50 to 59 per cent incidence of 
substantial improvement and 5 to 7 per cent incidence of disease progression 
reported in the U.S.P.H.S. cooperative studies of isoniazid, streptomycin-PAS, 
and isoniazid-streptomycin (7). 

The question immediately arises, however, whether differences of this order 
are meaningful or whether they merely represent chance differences which could 
fall within the limits of the method. 

Early in the present investigation, this question arose with particular force 
when it became apparent that the incidence of substantial roentgenographic 
improvement was running higher than it was on isoniazid alone. It was true that 
the incidence of substantial roentgenographic improvement was apparently 
higher in the pyrazinamide-isoniazid study. It was also true, however, that the 


" This number includes all who received three months or more of pyrazinamide-iso- 
niazid irrespective of whether roentgenographic or microbiologic follow-up observations 
are available 
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patients in both studies were receiving an admittedly powerful antituberculous 
drug, isoniazid. Moreover, approximately one half of the patients in the isoniazid 
series had previously received various amounts of streptomycin-PAS although, 
in almost all cases, no such treatment had been received during the three months 
prior to isoniazid therapy. 

It appeared that any regimen which included isoniazid in appropriate dosage 
resulted in 50 to 60 per cent substantial roentgenographic improvement. Hence 
the suspicion arose that, because of the histopathologic difference in apparently 
comparable lesions, the roentgenographic method might not be ideally suited 
for the conclusive demonstration of significant differences between two regi- 
mens, both of which contained isoniazid. 

Accordingly, it was decided to attempt to resolve the problem by recourse to 
information which was being obtained by two other methods: microbiologic 
studies of sputum and gastric washings and the population-enumeration studies 
in mice. 

The results of the microbiologic studies of sputum and gastric washings were 
clear and definite. Ninety days after the start of therapy, only 4 of 53 patients 
were continuing to discharge bacilli. Once this noninfectious status was attained, 
it persisted throughout the total observation period of six to nine months. (It 
should be noted that all but 2 patients continued to receive isoniazid after com- 
pletion of pyrazinamide-isoniazid therapy.) In most instances, no culture ob- 
tained after the first month of treatment was positive for M. tuberculosis. 

The last-named finding was unexpected and caught the investigators unawares, 
thus accounting for the fact that only a single pretreatment culture had been 
obtained on any of the patients. In 8 of the group, this single pretreatment cul- 
ture failed to grow M. tuberculosis although, in all cases, the pretreatment sputum 
contained acid-fast bacilli on microscopic examination. Even when these 8 cases 
are excluded from consideration, however, the established incidence of the re- 
versal of infectiousness is 90 per cent. This 90 per cent incidence of reversal of 
infectiousness on pyrazinamide-isoniazid may be compared with a comparably 
estimated incidence of 50 per cent at six and at nine months in the previous study 
with isoniazid alone (6). 

A comparison of the microbiologic results of the present study with those of 
the two U.S.P.H.S. cooperative studies (6, 7) can be made when the present 
results are presented in terms of the number of patients from whom tubercle 
bacilli could be cultured during treatment. In the present study, at three, six, 
and nine months after the start of chemotherapy, tubercle bacilli could be cul- 
tured from only 7 per cent of the patients. In approximately the same interval 
in the first Public Health Service study (7), cultures positive for tubercle bacilli 
were obtained in 20 to 30 per cent of the patients despite the fact that strepto- 
mycin-PAS and isoniazid-streptomycin were used as well as isoniazid alone. In a 
subsequent U.S.P.H.S. study (8), various combinations of isoniazid with PAS 
and streptomycin were investigated. The regimens included the administration 
of all of these drugs together and two regimens (isoniazid-streptomycin, iso- 
niazid-PAS) in which an isoniazid dosage of 10 mg. per kg. was used. At sixteen 
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weeks, in this later study, tubercle bacilli could be cultured from 9 to 21 per 
cent of the patients, depending upon the particular regimen employed. 

It is to be anticipated that some of the patients in the present study who were 
discharging no tubercle bacilli at three, six, and nine months after the start of 
therapy, will again become infectious if their pulmonary lesions persist unhealed 
Thus far, however, the on!y suggestion of such a happening has been the case of 
the patient with a persistent cavity at twelve months, whose sputum contained 
acid-fast bacilli on one microscopic examination at that time. Sputum cultures 
obtained from this patient have been repeatedly negative for M. tuberculosis. 

The apparent superiority of pyrazinamide-isoniazid over isoniazid alone ob- 
served by the roentgenographic method has thus been associated with a definite 
superiority of pyrazinamide-isoniazid in terms of the sustained reversal of infec- 
tiousness. The McCune-Tompsett studies of populations of tubercle bacilli in 
mice provided the third body of evidence in favor of the unique superiority of 
pyrazinamide-isoniazid. 

In essence, their animal studies showed that it was possible to produce effects 
with pyrazinamide-isoniazid in mice which could not be produced by pyra- 
zinamide alone or by isoniazid, streptomycin, or PAS, administered singly, in 
various pairs, or all three together. These pyrazinamide-isoniazid effects con- 
sisted of the rapid reduction of a large population of tubercle bacilli in the spleen 
to the point at which no tubercle bacilli could be detected by multiple cultures. 
With all of the other combinations tested, after an initial fall, the population 
census in the spleen stabilized and remained constant throughout treatment 
periods of ninety to one hundred and twenty days. The substantially greater 
antituberculous activity of pyrazinamide-isoniazid was also demonstrable in the 
microbial population studies in the lung. 

The extent to which observations on drug—parasite—host relationships in mice 


pertain to what goes on in man is not at all clearly defined. Indeed, if the popula- 


tion enumeration studies in mice constituted the only evidence bearing on the 
respective activities of pyrazinamide-isoniazid and of isoniazid alone, a close 
resemblance of the results of the mouse studies to the situation in the tuberculous 
patient might be seriously questioned. There are three sets of circumstances, 
however, which indicate that the behavior of the populations of tubercle bacilli 
in the mice treated with pyrazinamide-isoniazid does have significant relevance 
to the situation in man. 

The three sets of circumstances are: First, the evaluation of other antituber 
culous drugs (isoniazid, streptomycin, PAS, and a thiosemicarbazone) by popu 
lation enumerations in mice has, without exception, yielded results in close 
agreement with the respective activities of these drugs as determined in man (1). 
Second, the pyrazinamide phenomenon of substantial antituberculous activity 
for five or six weeks with “escape” thereafter occurs in identical fashion in man 
and in the mouse. Third, the mouse data with pyrazinamide-isoniazid are not 
isolated phenomena but, instead, yield results in striking agreement with the 
results of the microbiologic and roentgenographic observations in man 

It is believed that, considered individually, the roentgenographic results might 
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conceivably reflect merely chance variations within the roentgenographic method 
and the mouse data might represent drug action peculiar to that animal species. 
When the two sets of observations are considered together, however, and the 
sputum studies are likewise considered, the results by all three methods fit to 
gether into an impressive case for the superiority of pyrazinamide-isoniazid over 
the other antituberculous drugs used singly or concurrently. 

The possibility that the pyrazinamide-isoniazid phenomenon represents anti- 
microbial action of an eradicative rather than a suppressive type is worthy of 
comment. Two examples exist of a reasonably uniform eradicative type of drug 
action in human infections, namely, the sulfonamide treatment of meningococcus 
carriers, and the use together of pentaquine and quinine in the treatment of 
vivax malaria (8a). Even if the studies currently in progress should reveal that 
pyrazinamide-isoniazid is completely eradicative for M. tuberculosis in mice, 
however, it would not necessarily follow that the situation would be the same in 
man. Examples exist in other infections, notably syphilis, in which penicillin is 
uniformly eradicative for 7’. pallidum in one animal species, the rabbit, but is 
not uniformly so in man. Indeed, in the present study, tubercle bacilli could be 
cultured from the sputum of 2 patients nine months after the start of therapy and 
from the tissues of the patient who died of hepatitis on the fifty-fifth treat 
ment day. 

It is clear, therefore, that pyrazinamide-isoniazid does not exert a uniformly 
eradicative action against M.tuberculosis in man. Nevertheless, the results ob 
served in the present study in humans, considered with the pronouneed steriliz 
ing or eradicative type of action in mice, suggest strongly that the pyrazinamide 


isoniazid action in humans represents a considerable more destructive type’’ of 
action against M. tuberculosis than is the case with the other antituberculous 
chemotherapies. 

Despite the apparent superiority of pyrazinamide-isoniazid to the presently 
available forms of antituberculous chemotherapy, its potentialities for wide 
spread use appear to be sharply restricted by considerations of drug toxicity. 
All drug toxicity is a relative matter, and it is impossible to define the toxicity 
of a chemotherapeutic regimen out of the context of the situation in which the 
regimen is to be used. In addition to providing powerful antimicrobial therapy 
for the hospitalized tuberculous patient, the pyrazinamide-isoniazid regimen 
has two attributes of great potential value for the treatment of tuberculosis in 
the home. The two attributes are: freedom from any gastrointestinal irritation, 
which might tend to discourage the continued consumption of the medication as 
prescribed; and the ability to cause a rapid and sustained disappearance of 
tubercle bacilli from the sputum in a very high percentage of patients with 
pulmonary tuberculosis. Hence, in addition to providing powerful chemotherapy 
for any patient, one of the great spheres of usefulness of the regimen, if drug 
toxicity were not a problem, would be in the home treatment of infectious patients 
in the many areas throughout the world where there is no possibility of attaining 


adequate hospital facilities for tuberculosis in the foreseeable future. 


In order to be acceptable for such widespread and relatively unsupervised use 
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in tuberculosis, a drug must be not only nonirritating to the digestive system 
but its more serious forms of toxicity should be detectable by patient or family 
before irreversible harm is done. It is precisely in this latter respect that the pres- 
ent pyrazinamide-isoniazid regimen has been such a lamentable failure. To be 
sure, if tests of hepatic function, which are relatively complicated, could be ob- 
tained at frequent intervals, the use of pyrazinamide-isoniazid in the dosage of 
the present study might be a relatively safe procedure. It should be strongly 
emphasized, on the basis of the present experience in the present study, however, 
that it would be necessary to obtain such tests of hepatic function at two- or 
three-week intervals to ensure proper safeguards for the patient. Moreover, in 
the fatal case of hepatitis, the initial complaints were deceptively trivial. On the 
third or fourth day, by the time the presence of hepatitis could first be established, 
the illness had become explosive, and terminated fatally within less than a week 
thereafter. 

An obviously alluring possibility is that the high degree of antituberculous 
effectiveness of pyrazinamide-isoniazid observed with the present dosage would 
also be exerted with a lower dosage which at the same time would be reasonably 
nontoxic. These two questions are under detailed investigation by the present 
investigators. Certain aspects of the question, notably the size of the total daily 
dose of the pyrazinamide necessary to produce the pyrazinamide-isoniazid effect, 
can probably be well defined only in man. The necessary duration of the pyrazin- 
amide administration in the joint therapy can be studied in both animals and 
man. Continued observation of the 18 patients of the present study who received 
only two to ten weeks of the two drugs together may provide some information 
on this question. However, this prospect that the length of pyrazinamide ad- 
ministration might be shortened without significant loss in the effectiveness of 
the regimen does not appear too encouraging. For, from preliminary results of 
certain of the animal studies, it appears that the two drugs must be administered 
together for at least six to eight weeks (with isioniazid alone thereafter) in order 
to duplicate the effects previously described for the ninety-day regimen. Hence, 
it appears at present that the greatest hope for reducing the drug toxicity of the 
regimen lies in making a considerable reduction in the size of the total daily dose 
of pyrazinamide. 

The six instances of hepatitis were equally distributed between the Arizona 
and the New York Services. The respective roles of the pyrazinamide itself and 
the isoniazid-pyrazinamide regimen in producing the hepatitis cannot be deter- 
mined, for the present investigators have used pyrazinamide alone in only a few 
patients. In the original study of pyrazinamide (2) by Yeager and his associates, 
however, hepatitis with icterus was noted in 2 of 43 patients. Hepatitis from 
isoniazid is rare, if indeed it occurs at all, on the 3 to 5 mg. per kg. daily dose. 
Nevertheless, it is known that considerably larger doses of isoniazid can produce 
hepatitis in dogs (9). Hence, it is conceivable that customarily nontoxic amounts 
of isoniazid might become toxic to a liver simultaneously damaged by pyra- 
zinamide 

It is obviously of the greatest importance to answer these questions about 
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pyrazinamide-isoniazid hepatitis and to conduct investigations aimed at its 
prevention or avoidance. For, unless this can be accomplished, the benefits of 
this powerful and unique type of antituberculous chemotherapy will necessarily 
be limited in their application. 


SUMMARY 


The antituberculous activity of pyrazinamide-isoniazid administered together 
has been studied in separate but related investigations in man and in experi- 
mentally infected mice. The results of the clinical investigation are described 
in the present report, in which the animal studies are only briefly reviewed. 

Treatment of 55 patients with pulmonary tuberculosis on a regimen of py- 
razinamide-isoniazid for three months or longer and isoniazid alone thereafter 
resulted in sustained reversal of infectiousness in 90 per cent; substantial roent- 
genographic improvement in 75 per cent; and closure of all cavities in 65 per 
cent of those with cavitary lesions. These results were attained within the first 
six months of therapy (except for later cavity closure in 2 patients). No patient 
showed progression of disease on roentgenography. In the portion of the group 
for whom nine-month observations are available (approximately one half), 
the results have remained unchanged. 

Three patients, not included in the above group, died: 2 of tuberculosis within 
the first eleven days of therapy and one of drug-induced hepatitis on the fifty- 
fifth day of therapy. Five instances of nonfatal hepatitis were also observed. 

From the evidence obtained, it is concluded that pyrazinamide-isoniazid exerts 
antituberculous activity in vivo of a sort superior to that of the other current 


antituberculous drugs used either singly or together. Moreover, the animal 
studies indicate that the antimicrobial action of pyrazinamide-isoniazid is not 
only quantitatively superior but is qualitatively unique among antituber- 


culous chemotherapies 

It is further concluded, however, that the high incidence of hepatitis in man 
during pyrazinamide-isoniazid administration makes the use of this regimen in 
present dosage inadvisable as a treatment for tuberculosis 


SUMARIO 


La Piracinamide-Isoniacida en la Tuberculosis 


La actividad antituberculosa de la piracinamida-isoniacida administradas conjunta 
mente fué estudiada en investigaciones separadas, pero relacionadas, en el hombre y en 
ratones infectados experimentalmente. Los resultados de la investigacién clinica son 
descritos en este trabajo, en el cual se repasan, pero sucintamente, los estudios en animales. 

El tratamiento de 55 tuberculosos pulmonares sometidos a un régimen de piracinamida- 
isoniacida durante tres meses o mds y a isoniacida sola después, did por resultado un viraje 
sostenido de la infecciosidad en 90 por ciento, importante mejor{fa radiogrdfica en mds de 70 
por ciento, y cierre de todas las cavernas en 65 por ciento de los que tenfan lesiones cavi 
tarias. Esos resultados se alcanzaron durante los primeros seis meses de terapéutica (aparte 
de clausura tardia de cavernas en 2 enfermos). Ningdn enfermo revelé roentgenogrdfica 
mente agravacién de la dolencia. En la porcién del grupo (aproximadamente la mitad) para 
la cual se cuenta con nueve meses de observacién, los resultados han permanecido inalter 


ados 
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Tres enfermos, que no figuran en el grupo anterior, fallecieron: dos de tuberculosis dentro 
de los primeros once dias de terapéutico y uno de hepatitis medicamentosa a los 55 dias de 
terapéutica. Observdronse ademds 5 casos de hepatitis no letal. 

A la luz de los datos obtenidos, deddcese que la piracinamida-isoniacida despliega in vivo 
actividad antituberculosa de un género superior al de las demd4s drogas antituberculosas 
usadas hoy dia ya aislada o conjuntamente. Ademds, los estudios realizados en animales 
indican que la accién antimicrobiana de la piracinamida-isoniacida no tan sélo es cuantita 
tivamente superior sino cualitativamente dnica entre los agentes quimioterapéuticos anti- 
tuberculosos 

No obstante, deddcese ademas que la elevada incidencia de hepatitis en os seres humanos 
durante la administracién de piracinamida-isoniacida convierte en imprudente el empleo 
de ese régimen a las dosis actuales como tratamiento para la tuberculosis 


RESUME 
Pyrazinamide-Isoniazide dans la tuberculose 


L’activité antituberculeuse de l'association de la pyrazinamide et de l’isoniazide a été 
étudiée dans des investigations séparées, mais connexes, chez l'homme et aussi chez la 
souris tuberculisée. Les résultats de |’étude clinique sont décrits dans cet article; l’expéri- 
mentation sur l’animal est succintement analysée. 

Le traitement de 55 sujets atteints de tuberculose pulmonaire par l'association théra 
peutique pyrazinamide-isoniazide, pendant trois mois ou plus, et par |’isoniazide seule 
ensuite, a eu pour résultat constant la suppression de la contagiosité dans 90 pour 100 des 
cas; une amélioration substantielle des radiogrammes dans plus de 70 pour 100 des cas et 
l’oblitération de toutes les cavernes dans 65 pour 100 des cas présentant des iésions cavi- 
taires. Ces résultats ont été atteints dans les six premiers mois de la thérapie (sauf chez deux 
malades ot |’oblitération des cavernes a été plus tardive). Aucun malade n’a présenté de 
signes radiologiques d’evolution de la maladie. Dans la fraction du groupe qui a été observé 
pendant neuf mois (environ la moitié) les résultats sont demeurés inchangés 

Trois malades non compris dans le groupe sont morts: deux de tuberculose au cours des 
11 premiers jours du traitement et l’autre des suites d’une hépatite toxique au bout de 55 
jours de cette thérapeutique. Cing cas d’hépatite non mortelle ont été également observés 

Les preuves obtenues, permettent de conclure que l'association pyrazinamide -isoniazide 
exerce une action anti-tuberculeuse in vivo présentant une supériorité particuliére sur celle 
des autres médicaments anti-tuberculeux courants utilisés seuls ou en association. De plus, 
les recherches effectuées sur l’animal indiquent que l’action antimicrobienne de l'association 
pyrazinamide-isoniazide n’est pas seulement quantitativement supérieure, mais aussi 
qualitativement unique parmi les médications anti-tuberculeuses. 

Les auteurs concluent d’autre part que, chez l"homme, l’incidence élevée de |’hépatite 
au cours de |l’administration de !a pyrazinamide associée A |’isoniazide, fait déconseiller 


l'emploi de cette médication, aux doses actuelles, comme traitement de la tuberculose 
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INTRODUCTION 


Although previous reports of the use of pyrazinamide (Aldinamide) in the 
chemotherapy of pulmonary tuberculosis have been disappointing (1) chiefly be- 
cause of the rapid emergence of drug-resistant bacilli, it was believed that the 
usefulness of this agent might be enhanced if it were combined with isoniazid. 

Pyrazinamide was synthetized at the Lederle Laboratories by Kushner and 
his associates (2). It was subsequently shown by Dessau and co-workers (3) and 
by Malone and his associates (4), who used mice and guinea pigs respectively, 
that pyrazinamide had a moderate but definite antituberculous effect against 
these animals; this activity was superior to that of para-aminosalicylic acid 
(PAS) but less than that of streptomycin. Yeager and his associates then used 
pyrazinamide alone in the treatment of 43 cases of far advanced pulmonary 
tuberculosis (1). Most of the patients had received streptomycin and PAS in 
the past and harbored organisms which were resistant to streptomycin. The 
pyrazinamide therapy of these patients was characterized by encouraging signs, 
such as rapid reduction of fever and amelioration of the cough, with a decrease 
in expectoration. The end results were disappointing, however, because relapse 
was extremely common and the emergence of drug-resistant strains of tubercle 
bacilli occurred rapidly. 

The present investigation began in June, 1952, and included a group of 21 
patients with far advanced pulmonary tuberculosis, all of whom had a sputum 
positive for M. tuberculosis and most of whom had been treated unsuccessfully 
with streptomycin and PAS and various forms of collapse therapy. This report 
is based on an eighteen-month period of observation. 


PLAN OF INVESTIGATION 


Patients from the Tuberculosis Clinic of the New Orleans Health Department were used 
in the present investigation. A suitable group of patients with active far advanced disease 
who had not responded favorably to streptomycin and PAS (most cases) and various forms 
of collapse therapy was selected. All of these patients had sputum positive for tubercle 
bacilli by microscopic examination and cultures, and all had poor prognoses 

Pyrazinamide was administered in capsules three times a day. Early in this study a 
dosage of four 350 mg. capsules daily was used. After two months the dosage was changed to 


‘From the Division of Tuberculosis Control, New Orleans Health Department; 
Section of Chronic Disease and Tuberculosis, Louisiana State Department of Health; and 
Division of Laboratories, Louisiana State Department of Health. 

* Presented before the Southern Trudeau Society at the meeting of the Southern Tu- 
berculosia Conference at New Orleans on October 1, 1953 
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3 gm. daily in divided doses. Isoniazid was administered concurrently in the usual daily 
dose of 4 mg. per kg. of body weight. 

Early in the study, it was believed that it might be advantageous to perform drug 
susceptibility studies, using a combination of isoniazid and pyrazinamide. This was not 
done, however, because of various technical difficulties which were foreseen. Determination 
of drug resistance in vitro in the case of pyrazinamide is difficult and the results are unre- 
liable (5, 6). Because of this, it was decided to test for susceptibility to isoniazid alone 

Before treatment was started, a careful history with a summary of past treatment was 
taken and a physical examination was performed. The following laboratory data were 
obtained in addition to the sputum smears and cultures: complete blood count, liver func 
tion studies (cephalin flocculation, bromsulfalein retention), and urinalysis 

The problem oi close follow-up of these patients was solved by soliciting the cooperation 
of field public health nurses. A special form with check boxes was devised so that the nurses 
could point out any untoward symptoms which might arise during the course of chemother 
apy, together with the usual signs and symptoms of tuberculosis. This enabled us to deter 
mine quickly which patients might be developing signs of toxicity to these agents. Special! 
laboratory studies could then be performed without loss of time to determine whether these 
symptoms were serious enough to warrant discontinuing the drugs. 


RESULTS 


Drug Toxicity 


Examination of the patients and a study of the special forms showing signs 
and symptoms of toxicity indicated that certain specific symptoms occurred 
during the administration of these drugs. These symptoms are listed in the order 
of their frequency. 

Joint pains: Ten patients complained of joint pains. The joints involved were 


the following: shoulder (4 cases), knee and ankle joints (3 cases), ankle joint 
(2 cases), and the hip joint (one case). Redness and swelling of the joints was not 
noted in any case; the complaint was always subjective. The pain in these cases 
was never severe enough to warrant discontinuation of the medication and seldom 
lasted longer than two weeks. 

Headaches: Two female patients complained of moderately severe frontal 
headaches which were associated with the menses. These headaches had oc- 
curred previous to treatment with these drugs but they were now more severe. 

Jaundice: Mild jaundice appeared briefly for approximately one week in 3 of 
these patients. The liver function tests were not seriously altered in these cases 
The medication was not discontinued since the jaundice disappeared and no 
definite alterations in the liver function tests occurred (table 1). 

Difficulty in urination: Three male patients complained of some difficulty dur- 
ing micturition. This symptom was easily relieved by local application of heat. 


Antituberculous Activity 


Bacteriologic findings: During the first thirty days of therapy, sputum ‘‘con- 
version” did not occur in any patient. In 12 patients, the sputum became negative 
for M. tuberculosis by culture during the second month. In 2 other patients, the 
sputum likewise became negative during the third month and, in 5 additional 
patients, the sputum became negative for tubercle bacilli during the fourth 


month of the study. These patients had sputum negative for tubercle bacilli for 


= 


| 


+ + 


HAUSER 


AND 


+7 


ALIX, 


+1 


Z. 
= 
- 


Bow 


NIZTVA 


40 NI GIZVINOS] GNV SCINVNIZVHAG 40 GSS) CENIGNHOD 40 


SISOTOOUTEA] AUVNOWIOG HLIM SINSILVY 


336 
| | + + | +> + + + 
Aas 
} 
> + 
2 
: 
4 
© | | 
| 
2 
& 
<A e 
4 
> 
a 
j j 


PYRAZINAMIDE-ISONIAZID IN TREATMENT MONARY 


— 

N No “I N + N N 

> > > > > 5 > > > > > > > > > io 

- 


A\MPAGNA (ALIX AND HAUSER 


PYRAZINAMIDE AND Isontazip iN TrReATME 
with PutmMonary TuBERCULOS! 


nd Hemoglobin Concentra 


White Female 


] oon 1 320.000 
2 7 OOo 
O00 


2 70,000 4 
4 10,000 O00 
| 0, 000 
| O00 


té 


5, 230.000 
5.030.000 
OO) 1.510.000 


1.750.000 
cro Male 


1S 5.0600. 000 
1, 820,000 


on § 5. 480.000 


eighter n-month riod of observation and continue to have such 

sputum at present. Two of the patients failed to show sputum ‘conversion’ 

at any time. | p to this vriting, the tubercle bacilli tsolated from these 2 patients 
show resistance to iazid in vitro patients showed i disappearance or 


decided decrease in sputum volume 


Roentgenog aphic obs ons: Definite improvement in the roentgenographi 


3:38 
rABLKE 2 
ry-One 
eR ‘ A\rree ‘ arrer 18 
iu re ‘tu FRA 
H Eryt H Eryt He 
( M M ( G 
12,0 3.5 
12.0 
14.0 
15. 
Negro Female 
1 1 000 14.5 
i 14.0 570.000 14.5 
9 5 1 310.000 11.5 
11.0 470.000 12.5 
12.5 +, 100,000 12.5 
1 500.000 15 6.350 16.0 5.760.000 17.5 
580 000 15 > 400 15.5 5. 250.000 15.5 
1000 000 15 O70 3.5 +, SOO. 000 13.5 
— = — 
16.5 1,770,000 14.5 
1 4) 14.0 5. 490.000 15.0 
320 15.0 +, 520,000 16.0 
1140 15.5 1,840,000 13.8 
wn 14.5 0 
* Normal 14.5 LOO) 
t Moved ou wing thoracoptiast unabie to locate 


PYRAZINAMIDE-ISONIAZID IN TREATMENT OF PULMONARY TUBERCULOSIS 


abnormalities could be demonstrated in the films of at least 11 of the patients 
at the end of the six-month period Phe « hanges observed were more marked in 
those who showed soft exudative lesions of recent origin than in those who had 
not received previous antituberculous therapy. Although the roentgenographi« 
changes in many of the patients exhibiting fibrotic and cavitary disease were 
not spectacular several showed definite favorable ¢ hange in the size of the cay 
itary lesions 

Hematologic observations: Probably the most spectacular Improvement noted 
vas in the hematologic findings six months after the initiation of therapy In 
some cases a polycythemia was noted Chere was a consistent increase in the total 
erythrocyte count and in the concentration of hemoglobin. This change was ob 
served even in the patients vho failed to show sputum “conversion Phe average 
increase in the erythrocyte count in the white males was 1,065,000 cells per cu 
mm.; the average increase in the Negro males was 1,100,000 cells per cu. mm 
the increase in the white females was slightly less, 992,500; and the increase in 
the Negro females averaged 990,000 cells per cu. mm. This increase in erythro 
cytes Was accompanied by an average increase of 2.5 gm. in the hemoglobin con 
centration of the entire group. Subsequent blood counts taken at six-month 
intervals showed a leveling off of the initial high level, but still a substantial 
increase in most of the patients and a consistent improvement in the hemo 
globin concentrations which apparently Is perma nt table ; 

Body weight: There was a gratifving increase in the a age weight of all 
2 of the patients, the same 2 who failed to show sputum “conversion The a 

weight gain in the entire group was 13 pounds. The maximum gain observed 


vas 33 pounds and the minimum gain was but 2 pounds table 3 


The patients have been treated for eighteen months and maintained unde 


close observation. Three (15 per cent) have attained a favorable stage, and sur 


ial intervention is now feasible. Eight 1) per cent have definitely impro ed 


rABLI 
r Tw y-One Patients wirn PuLMoNArRY TUBERCULOS! 
Weight Before nad Afte Therap 

145 151 110 120 132 

105 12 77 j 146 

a4 126} 126 

iM) 4 


AND HAUSER 


340 CAMPAGNA, CALIX, 

& 

< 


m 38) 

| 


(AMPAGNA, CALIX, AND HAUSER 


4 


= 


Refused hospita 


ifter treatment 
itintion oft rerapy | on irs 


emains negative for f ere ‘ ind her v 


roentgenographir ally and clinically, and their tuberculosis can be classified as in 
active. Others are not so fortunate in that they have thick-walled bilateral cavi 
ties and poor pulmonary hunetion Even in these patients however. great sympto 
matic improvement has been noted, such as increase in weight, amelioration of 


anemia, a feeling of well-being, and, in all but 2 of this entire series, the sputum 


ae 
a * 
= = 
5 
| 
C 
i 
D. (C/F/2t 
1b eons, tion. No previous tre ent 
Initia eight OO) pound 
Band eight ont 
pound 


PULMONARY TUBERCULOSIS 


\ZINAMIDE-ISONIAZID IN TREATMENT 


= 


all 


C 


tand B.A gives a history of cold lasting twent three ! oO previous roent geno 


grams. This film and B are four months apart. Treatment 


film B. Weight, 85%q po 


h ima remarkable recession of 


ed immediate ifter 


(. Compared wit 


Db. At the end of eighteen months « 
, one up to 106 pounds. The 


f continuous combined ther ip the lesions appear 


mon 


nerease in blood count « me 


quite fibrosed. The 


strated on the table 


has remained negative for tubercle bacilli by microscopic examination and cul 
Krom a publ ic health point of view this observation highly significant 


ture 
DISCUSSION 


The present writers are aware of the fact that others have had disappointing 
alone in the the rapy ol tubs rculosis because 


results with the use of pyrazinamide : 


a 

Fig. 4. M. J. (C/F/45 


ie » 


PYRAZINAMIDE-ISONIAZID IN TREATMENT OF PULMONARY TUBERCULOSIS 345 


to 
is 


4 
= 


eded and the nght lung patholog 


irted in conjunction with chemotherap 
ind eighteen months, respectivel 
utum in this patient became negatiy 


ment. The final weight is 143 pounds 


546 CAMPAGNA, CALIX, AND HAUSER 
»* 
= 2 
=. 
| 
= 
7. B. D. (C/F/42 

1. This patient I ! pre ous treatment. Her weight at the beginning ot treatment 
was 4's pound 

B. The lesion in the left lung has rei Ey has contracted 
Phneumoperittoneun 
ippear quite The for W. tube s at 
the end of one mont | over-all gain of 


PYRAZINAMIDE-ISONIAZID IN TREATMENT OF PULMONARY TUBERCULOSIS 347 


| 

P 

4 


448 


of the rapid emergence of drug-resistant organisms and that certain workers have 


experi need difheults demonstrating an i vitro etiect vhen using this drug 


It has been v demonstrated that most of the known antituberculous com 
pounds are more ctive when used in combination (7-12). This is particularly 
true in the case oniazid ind physicians have been varned to avoid using 
this age use of the rapid emergence of drug-resistant strains of or 


ganisms Because of it was belheved that the effectiveness of pyrazinamide 
might be enhanced if administered concurrently with isoniazid. The results de 
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CULOSIS December 
The result obtained in the present study indicate that this combination ol 


drugs lends itself readily to treatment of far advanced cases of pulmonary tuber 


culosis on an ambulatory basis 


It is planned to carry out a similar study on a group of minimal and moderately 


advanced active cases of pulmonary tuberculosis 


CONCLUSIONS 


Concurrent administration of pyrazinamide and isoniazid is efficacious in the 
chemotherapy of pulmonary tuberculosis 


Che toxic effects of this combination of drugs is negligible in most cases and 


not of serious consequence in the few cases in which such manifestations as jaun 
and arthriti 

Persistent putum “conversion” to date has occurred in all but 2 of the 2 
patients treated 


Chest roentgenograms showed evidence of improvement in the majority of the 


patients treated evel though little improvement WAS expected because of the 
nature of the on 
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K etosteroid kerere Age and Sea 


The mean 17-ketosteroid excretion observed in the present series was 8.05 
plus-minu 78 mg. per twenty-four hours for males and 8.61 plus-minus 2.65 
mg. per twenty-four hours for females. This finding indicates a significant altera 
tion of adrenocorti function. The similarity of mean excretion for both sexes 
is interesting ew of the fact that 17-ketosteroid excretion in males is generally 
higher than in females by approximately one-third, presumably due to androgen 


ubstance or their metabolites arising trom testicular tissue llowever, Ham 


burger (33), Robinson (34), Kenigsberg and co-workers (35), and Sprechler (36 


have shown that 17-ketosteroid excretion varies with age. As a large proportion 
of the patients i the present study were in the older age groups, it seemed ad 
sable to consider the mean excretion in relationship to age. The mean excre 
tions for males and tematies by age groups are preset! ted in table 1. These f ndings, 
vhen compared to the mean excretion expected in nontuberculous subjects (35 
indicate that tuberculou patients have reduced 17 ketosteroid excretion even 


when the factor of age considered 
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that which may be \ ted in a healthy person ol the same age and sex. Conse 
quently, the excretion observed for each patient was compared with the mean 
excretion expected in a healthy subject of the same age and sex, and the observed 
excretion has been expt ssed as pet cent of the expected output foreach patient 
Kor this purpose the mea data used were those pro ded by Kenig berg and 
issoclates (35) from their study of 160 healthy subjects bv essentially the iin 
method 

Che findings obtained from the initial study of each pulmonary case in the 
present series are show! n figure l,m vhich obser ed excretion has been plotted 
as per cent ol norma \ ected for nee and sex. These initial data indicate that 
17-ketosteroid excret n the pulmonary patients ranged from SS per cent 
below to 168 per ce ibove the mean excretion expected for healthy person 

\ study of the extent and character of the disease, as shown by roentgenog 
raphy in each case ils that patients with gre: reduced 17-ketosteroid 
excretion generally | ankly exudative disease involving all of one lung or 
most of both lung ts with less reduction of 17-ketosteroid excretion have 
exudative but some { s extensive disease, often involving only a part of 
one or both ungs process Was noted to be more localized in extent 
and less exudative in ure as 17-ketosteroid excretion appt vached the norma 
mean Patients vith 17 ketosteroid output near the mean « xpected lor age ind 
sex usually had minima! disease of mixed type and, as a general rule, those 
patients vith output ab the normal had well-localized producti e tubercu 
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the Na il ‘Tuberculosis Association, it was found that 86 per cent 
of the far advanced patients had 17-ketosteroid excretion below the normal meat 
ind 37 per cent of the vd iunced patients studied had a 17 ketosteroid output 
more than 50 per cent below normal. Sixty-three per cent ol the moderately 
advanced group had a reduction in 17-ketosteroid excretion of less than 50 pel 
cent. Seventy-nine per cent of the patients with minimal pulmonary disease were 
above the normal mear Che remainder of the minimal cases had a 17-ketosteroid 
excretion below normal! by less than 25 per cent 
From thes evident that there is a general correlation between extent 
and character of and 17 ketosteroid excretion These findings establish 
i relation hip betw n severity of disease and 17-ketosteroid excretion and are 
in general agreeme this respect with the findings of others (89-43 
| xceptions to this general re ationship are evident, however, and suggest that 


factors other than tv of disease were also influencing 17-ketosteroid exere 


tion at the time « itial study 
/ reretion | (TRUS motional Slats 


From careful cli observations of emotional state during the twenty-four 
hour period of urine collection, it has been possible to establish a consistent 
relationship with 17 ketosteroid excretion during that time period The relation 
ship observed at the initial study is also illustrated in figure 1. These patients 
exhibited a pectrum ol emotional behavior which ranged from trank ce pression 
ind withdrawal at the lowest levels of 17 ketosteroid excretion to o ert anxiety 


levels 


and preparation tor action at the highest 

Vhe patient vith 17-ketosteroid excretion which was 50 per cent or more 
below normal were apathetic, withdrawn, occasionally confused, and preferred 
to be left alone. The patients with a less severe reduction of 17-k« tosteroid excre 
tion were irritable, uninterested in ward activities, and often lethargic. They 
also demonstrated a passive acceptance of bed rest Those patients vith slight 
reduction in 17-ketosteroid excretion were superficially calm, contented to be in 
the hospital enjoyed the service they received, and In general appeared vell ad 
justed to their situation. The patients with levels of excretion slightly above the 
normal were alert, cooperative, and interested in ward activity. This group en 
joyed occupationa the raps and used acceptable ter hniques to occupy their time 

The classical signs of anxiety uch as tachyeardia, transient hypertension, 
insomnia, tremor of the hands, and palmar sweating, were the hallmark of the 
patient with 17-ketosteroid excretion substantially above the normal mean 
Those patients vith very high levels of excretion had these signs but were also 
restless, fearful, hostile, and unable to stay in bed 

Phe distribution of patients according to emotional state and extent of disease, 
as shown in figure |, is based upon the 17-ketosteroid excretion found on admis 
sion to the study. It is to be expected that the emotional state of the patient 
following admission might be influenced by a change from the familiar environ 


ment at home to the environment of the hospital, with which few patients have 


had previous experience. Any threat imposed by treatment techniques or other 
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MODE QATE 


KS/24 HRS 


Fia. 2. The range of 24-hour 17-ketosteroid excretion in the cases o mn tubercu 


losis by stage of diseas« 


events in the course of daily life in a tuberculosis hospital may be expected Lo 
influence 17-ketosteroid excretion by inducing a change in emotional state 
Such emotional changes have been observed in all of the patients studied and 
have been promptly followed by changes in 17-ketosteroid excretion. This rela 
tionship is illustrated in figures 3 through 7 

Che magnitude of change in 17-ketosteroid excretion resulting from change 
in emotional status which was observed in the 92 pulmonary cases is shown in 
figure 2. The patients have been grouped according to extent of disease, and the 
magnitude ol change in 17-ketosteroid excretion has been graphed according to 
the lowest level of excretion observed at any time during the period of study 
From this observation it is evident that 17-ketosteroid excretion may undergo 
change of considerable magnitude in response to change in emotional state in 
duced by various events which transpire during the course of hospitalization 

The duration of change in 17-ketosteroid excretion was consistent with the 
duration of emotional response. It was transient in acute stress situations but 
was observed to persist for months in a setting of chronic stress (see figures 


3 through 7 


Chang S vii ly Ketoste roud re relion u ith 7 and the C'ow of vibe ulosis 


The changes ni7 ketosteroid excretion observed with the passage ol time 
were widely variable trom patient to patient, as might be exper ted in light of the 
influence of emotional state upon 17-ketosteroid output. Nevertheless, certain 
trends became apparent with prolonged study 

Some patients on admission to the hospital were found to have excretion 
levels above, at. or below the normal level expected for age and sex which re 
mained essentially stationary during prolonged observation. Other patients 
had high or low initial excretion levels which changed in the direction of normal 
over varying intervals of time. A third group exhibited a fluctuating pattern of 


excretion which might or might not approa h normal from time to time 
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From careful comparison of the course of tuberculosis (as judged from serial 
chest roentgenograms or laboratory data such as sputum or cerebrospinal fluid 
finding vith the observed pattern of 17-ketosteroid excretion, it was possible 
to establish a correlation between these two factors. The results of such com 
parison are shown in table 2 

In yeneral the tuberculosis was noted to improve in a gratiiving manner in 
those patients whose 17-ketosteroid excretion was approaching or was already 
near the normal excretion ¢ kpected lor age and sex. The tuberculosis was found 
to improve slow not at allin those patients whose excretion remained at some 
distance above or below the normal. Patients with fluctuating excretion exhibited 
improvement in relation, not only to the proximity of their excretion to normal, 
but to the time during which this condition pertained Ketosteroid excretion was 
decreasing when worsening of the disease or death occurred. It is interesting to 
note that mi roscopi study of the adrenal glands obtained from 4 patients at 
necropsy failed to demonstrate significant struc tural change except In one case 
of miliary tuberculosi in which a few miliary tubercles but no extensive de 


struction of the gland were noted 


ILLUSTRATIVE CASES 


In figures 3 through 7, typical cases from the series studied are illustrated, and 
the parallel betwee emotional state, 17-ketosteroid excretion, and the course 


of tuberculosis during the period of study are demonstrated 


Figure iy old white male laborer and chron 
1051, with minimal tuberculosis, mix 
ve lesion behind the left first 
until Februar 


itment wit! 


1952. The patient accepted bed rest poor 


September on for nodulectom 


cin- para 


wid (PAS beret om ov rev ed significat 


hospital 


was remo 
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further chemotheray ‘ e intoxicated on the open 1, and weve to the ce 
tention ward. He ‘ ‘ ‘ i lepre ed, and on Februa 24, 1055, the itun 
positive me 
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ALERT AND COODERATIVE 


is inges in emo 


treatment 


this time, on roentgenographic examination, an exudative lesion —— 


previous tesion in ft ft apex. The patient was released from the 


is started on isoniazid-P ort to control the disease 


lhis patient exhibited prompt control of a small active lesion during a period 
of 17-ketosteroid excretion slightly above the normal level, with worsening of 


the disease at a time in his hospitalization when he was under no effective chemo 


therapy and had reduced 17-ketosteroid excretion accompanied by a moderate 


depression 


we 2 (Figures 4A, B, ¢ iN t 42-vear-old white male, was admitted to the h 
on October 24. 1952. wit far advanced bilateral exudative disease and sputum positiv 
| 


acid-fa ha on smear. He was acutely ill, febrile, and underweight. but alert an 


perative. Treatment treptomycin-PAS was started immediate dea 


The chest roetgenogram demonstrated minimal improvement by December 
has since remained unchanged in spite of a pneumoperttoneum and the addition of 
March 3. 1953. The p t became progressively more discouraged. This 
iccompanies i lecre r l7-ketosteroid exeretion The temporal 


the ims tw soniazid therap vas acveompanied 


in Marcel 


Chis patient illustrates the unsatisfactory course of the disease which accom 


panies a 17-ketosteroid excretion change in the direction away from normal 


(‘ase 3 Figures 5A | a old white male steelworker 
hospital on November 20, 195 far advanced tnlateral tubereulos 


He had entered 
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B. Roentgenogra tart of stud December 18, 1951), showing a mix 


behind ntenor end of the mght first mb 


Roent genogr of stud March 23, 1953 vowing the impr 


exudative lesion in the left first interspace 


i faith-healer, and tens ind apprehen 

ot the ric il Treatment with bed streptomyet PAS 
stitutes ul iat en though the patient was t vic effects from these agents 
ana hi ‘ bit mposed to their use. During tl ven months of treatment no 
“ignifieant ther than slow cavit s noted on serial roentgeno 
grams. Sputum ret 1 iM \ ‘ here ‘ microscopic examinatior d cul 
ture. During these mont t patient ws continually plagued by disagreement with his 
wife tr it and continuous! hreatened b i serious financial situation 
at df leaves and was often found out of bed against advice 

In Jum 052, coincident vw solution of some of his problems, the patient became 


more willing! ind ‘‘eonverted”’ his 
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(’. Roentgenogram d of stud March 23. 1953). showing only minimal improvement 


lilaterall despite fiv mont of intensive chemotherap ind pneumoperitoneum 


culture on Jul oo W52 mtinued rhiciall calm ind cooper rative vith sone leur 
ing of disease by reontgenograph until Februar 1953, when a poorly positioned chest film 
suggested a possible crease in disease. Some delay in confirming this change war 


manied by a returt | of the previous signs of apprehension and anxie 
Ph 


his river ‘ ) further treatment with trepton 
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Recent chest roentgeno 
» show further improve 


ind is overt rest 


7~ke tosteroid excretion whi h accompanies 


This patient illusts the high | 
severe anxiety and demonstrates the slow response to treatment despite chemo 
therapy) noted in such circumstances 
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under ive, dependent, and 
persistent chronic depression, with periods 


for cough and sleep throughout the 


the lowered ketosteroid excretion which accompanies 


Lhe poor response ot tuberculosis (in spite ol ( hemo 


od is also ey ile nt 


bartender vas admitted the 
ive indi cavitar tuberculo 


st bacilli on microscopic examination. At the time of 


febrile cachectl overt depressed ind protound 
1 gm. dail ind PAS was started immediatel Dur 
patient's clinical state deteriorated. During the second 
igitated and difficult to manage. On April 24, 1952, isoniazid 
patient continued to show alternating periods of confusion 
periods of hallucination, unti ly June, 1952. About this 
w graduall increasing irritabilit with episodes of frank 
behavior slowly gave w to more permissive ind accept 
peated gastric specimen rative for M. tube 
tire riod, se rial chest roer renowrams at month! 
the visible disease 
ront stiffmess am pain the patient requested bathroom 
’ These were denied, and the patient subsequently became 


g this period no further improvement was noted by roentgen 


ipproved on December 3 1952, and since that time has been 


d out. Subsequent roentgenograms have shown continuing 


the change in ketosteroid excretion toward normal 


which is associated with steady improvement of tuberculosis during treatment 
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B. Roentgenogram at start of stud March 13 
ind cavitar tuberculosis 
( foentgenogram at id of stud March 19, 1953 


development ot fibrosis ir of chemotherap 


His case also demonstrates the cessation of Improvement which has been noted 
to occur coincident with a sudden change in ketosteroid excretion induced by a 
change in emotional state 


It is interesting to note the reabsorption of exudative lesions with minimal 


fibrosis and nodulation which this patient’s case demonstrates in contrast to the 


type of change seen in Cases 7 and 3, in which fibrosis was distinctly evident 


DISCUSSION 


It is recognized that 17-ketosteroid substances or their precursors arise from 


both adrenal and testicular sources (37, 38). It is also acknowledged that the 


metabolism of these substances prior to excretion by the kidney may be subject 
to influence by certain conditions (26, 27, 45). Nevertheless 


mf 


, in the absence of a 


single, complete, and quantitative method of measurement, the urinary 17 


ketosteroid excretion has been considered to be the best over-all index of adreno 


cortical function 4 For this reason, as well as for reasons of simpli itv and 


availability, the method was chosen for use in the present study 


Che mean 17-ketosteroid excretion found in the 84 males and 25 females 
studied indicates a significant alteration of adrenocortical function in tubercu 


lous patients when considered in relation to the mean excretion of 16 and 9.3 
mg. per twenty-four hours, respectively, in healthy men and women. When due 


allowance is made for the effect of age upon ketosteroid excretion, a consistent 


alteration of adrenocortical function by age groups is evident in these patients 


The present findings are in agreement with those of others (39, 40, 41, 42, 43 


Bastenie and Kowalewski (42) have suggested that the alteration of adrenocor 
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These workers noted a prompt return of the 
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svmptomatic improvement bul were 
demonstri r nt wu irvingeal lesions 
Although studies seem to indicate that experimental ¢ ition 
uch as the t al frequency of hormone administered, certain factors of 
host parasi tio ind the time during which observations were made 
influences also suggest that under certain conditions pharm wo 
wdrenocorticism may alter host mechanisms involved 
resistance 
Phe studies Ht) Perla 7 Stembach and associates and 
lonutti and experimental animals suggest that experimentally 


mduced stat hypo-adrenocorticism may affect resistance to tuberculosis 
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adversely. The studies of Lurie and associates (4, 50) and Ebert (15) provide 
some understanding of the mechanisms by which adrenal hormones may alte 
bodily defense against tubercle bacilli 

In the present study, the correlations « stablished hetween the course of tuber 
culosis and changes in ketosteroid excretion during treatment suggest that 
endogenous adrenocortical hormones in high or low concentration may influence 
resistance as well 

junn and Drobeck (8) have shown that experimental infection with tubercle 
bacilli after a state of hyper-adrenocorticism has been induced fails to incite 
significant tissue response as long as that state is maintained. If hypo-adrenocorti 
cism ensues as in the “rebound” following hormone withdrawal (1), however, 
prompt TISSUE response occurs 

Vhis | nding tout thet vith the preset nt observations leads to the postu ation 
that, in ma f hyper-adrenocortical function are consistent with resist 
ance to tuberculosis as long as that state persists. Following infection, if hypo 


adrenocorticism ensues as a result of chronic stress. the typical tissue response ol 
tuberculosis promptly appears. This hypothesis is suggested as a basis for further 


estigntiolr 


SUMMARY 


\ study renocorti function has been made in 25 female and 84 male 


ol tuberculosi using 17 ketosteroid is the index of 


From the data obtained, it is concluded that a significant reduction of 17 
ketosteroid excretion is present in tuberculosis 

When a correlati attempted between 17-ketosteroid excretion and ¢ 
of the disease it ecomes evident that isadg eral rule low 17-ketoste 
! issociated th extensive ind eX tuberculosi ind that h uh 
17-ketosteroid excretion is associated ith fibrotic tuberculosis « limited extent 

It has beet shown that 17-ketosteroid excretion in the case studied is also 
nfluenced by the emotional state ol the p ent 

From the obset ed parallel between emotional state 17-ketosteroid excretion 
ind course of tuberculosis during treatment, it is inferred that emotional state 
Irom a il ' situations are influencing adrenocortical function 


resuitin 


ind thereby a the response of tuberculosis during treatment 


\ working hypothe uggested as a basis for further investigatior 


patient th various types 
such Tunetio 
SUMARIO 
La k Sup Lute 
te culo s-quetost« le como Lies licha 
fur 
|’ lntos que et tubercu ‘ te unaimy rinnte 
excres | ly -qu msteroides 
e trat le ece una corre entre i excresr ly -quetoste! les 
4 


(LARKI ZAHN AND HOLMES 


manihesto que 
tuberculosis exte 
wderado 


17 que tost 


ifermo 
ifectivo 
mento, inherese que 


afectan ia corti 


durante el 


tuée chez nmes 


pret ite 


conciuent qu 


tuberculose 


une manic 
tensive 


une certal 


‘ iuteurs suppose 


émotior influence la fonetior 
uberculiose adurat 


he ter ex] their gra to Miss Prisci ders «s Mary Bog 
t Th of Washingtor 


Mer i labor or technicians a 


Katherine Zeeb, labor 


M HENHEIM, 
renocorticotropic hormone 
in. Investigation, 1951 
Wana, ( AND 
tuberculosis, Proceedings 


lphia, 1950 


fleets of cortisor 


on their modifi 


hee 

¢ ter ‘ por regia genera ima ¢ crecion 
} de quetosteroide ‘ on col exudativ inn excreciOt 

eon tute en grado 

Quedé demost jue la exerecién de sos estudiad Ve 
atect in por ¢ est lo afectivo del er 

A la luz del paralelo ervado entre el esta de 17-quetosteroides 

i evoluc ' le i tuberculosi lurante ¢ tr os estados afectivos 
‘ do a respuest ‘ tuberculosis HEE tratamiento 

Ofrécese u himete le tral » como base para investigaciones ulteriore 

RESUME 

Une étude ce mcortico-surrénale a 
presentant ailerents type le tuberculose, C0 de cett: metion les 
17 -cétostéroide 
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le excrétion des -cétostéroides dans la 

Quand on « ‘ ét une corrélation entre l’exerétion des 17-cétostéroides et éter 
iflecti le ‘ t ¢ dent que re générale excretion bie des ty 
cétostéroide weompagne de tuberculose exudative et que excrétion 
vee cle ly cétostér est ociee. dat sure i i tuberculose de forme 
hiipreuse 

Dans les « étudi ybservé que exerétion cde 17 -cétostéroides était également 
influencdés« ftat ¢ ot du patient 

\ la suite du par F e observé entre l'état émotionne l’exerétion ce 17 -cétostéroides 
et evolution Cute Hose au cours du traitement, | que etat 

cortico-surre 

ty investigat iée sur cette hypothése est proposée par les auteurs 
School of Medicine; and to Miss REEEatory technician at Firland Sana 
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INTRODUCTION 


In the seven years that have elapsed since the first clinical use of streptomycin 
in the treatment of tuberculous meningitis, repeated studies have demonstrated 
the ability of this drug to influence favorably the course of this infection. Prior 
to the discovery of streptomycin, meningeal tuberculosis ran a rapid and fatal 
course. With the aid of this new and potent drug, many lives were prolonged, 
meningeal infection was apparently controlled, and a few fortunate patients were 
returned to their normal ways of life. 

Shortly after the introduction of streptomycin, numerous studies on the hu- 
man absorption, distribution, and excretion of this new substance were per- 
formed. The diffusion of parenterally administered streptomycin across an 
inflamed meningeal surface into the cerebrospinal fluid in therapeutic quantities 
was well established (1, 2, 3). 

The present report is concerned with a study of 46 consecutively treated adult 
patients with tuberculous meningitis, studied on the Chest Service at Fitzsimons 
Army Hospital during the five-year period from 1948 to 1953. The study was 
originally undertaken primarily to evaluate the role of parenteral streptomycin 
in the treatment of this disease in the adult patient. While pursuing this study, 
concepts dealing with the total duration of successful chemotherapy and the 
proper combination of drugs gradually evolved which greatly modified the origi- 
nal scope of this study. 


MATERIALS AND METHODS 


The 46 patients studied were derived from three principal groups. The majority were 
members of the Armed Forces of the United States, with smaller groups comprised of 
civilian dependents and beneficiaries of the Veterans Administration. 

There were 39 males and 7 females. Twenty-nine patients were white, 15 were Negroes, 
and 2 were American Indians. Ages ranged from seventeen to fifty-six years, with an average 
of twenty-seven years. Seventy per cent of the group were between the ages of eighteen and 
thirty years. Of these, the largest fraction fell into the group of twenty-one to twenty-five 
years 

To a certain extent this group of patients was selected, in that many of them were trans- 
ported great distances to this hospital for treatment of tuberculous meningitis. The pa 
tients were studied on designated research wards, and all laboratory studies were performed 
by one laboratory 

In addition to the routine laboratory studies, complete cerebrospinal fluid examinations 
were performed monthly. These included culture for tubercle bacilli and quantitative 
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biologic assay for the drugs which were employed orally and parenterally. When fully 
recovered, all patients were repeatedly examined by the Department of Otolaryngology for 
evidence of eighth-nerve damage. Hearing loss was recorded by audiometric study. Labyrin 
thine function was evaluated by the Bardny caloric test. Post-mortem studies were per- 
formed by the Department of Pathology on 18 of the 19 patients who died. 


Diagnosis 

The diagnosis of meningeal tuberculosis was established by culturing M. tuberculosis 
from the cerebrospinal fluid in 14 patients (30 per cent). In 6 additional patients, acid-fast 
organisms were demonstrated on smear of the pellicle formed in the cerebrospinal fluid 
In the remaining 26 patients, the diagnosis was presumed by the presence of bacteriologi- 
cally proved tuberculosis elsewhere, coupled with cerebrospinal fluid findings of a non- 
purulent meningitis, with a sugar content below 35 mg. per 100 ml. of cerebrospinal fluid 
Autopsy studies performed on the treatment failures in the latter group have confirmed the 
validity of the clinical diagnosis in each instance. 

Of the 46 patients, 21 (45 per cent) had coexistent miliary tuberculosis. In addition, the 
following tuberculous complications were present: 10 patients had chronic pulmonary 
tuberculosis; 9 had urogenital tuberculosis; 9 had pleural effusions; 2 had tuberculous 
spondylitis; and one had massive generalized tuberculous lymphadenitis. 


Treatment Regimens 


Ten of the 46 patients received combined intrathecal and parenteral streptomycin at 
other hospitals prior to transfer to Fitzsimons Army Hospital. Doses of streptomycin em 
ployed intrathecally varied from 50 mg. three times weekly to 100 mg. daily, and the dura 
tion of intrathecal treatment ranged from one to fifteen weeks, averaging five weeks. On 
admission to this hospital, intrathecal streptomycin was discontinued in all 10 patients, 
but the parenteral and oral administration of chemotherapeutic agents was continued. The 
results of treatment in this group of 10 patients will be considered separately from the larger 
series. The remaining 36 patients comprise the group whose treatment was started at Fitz 
simons Army Hospital and who received no intrathecal streptomycin 


There have been four different programs of drug treatment employed in the 
present study, reflecting closely the introduction of new drugs and the changing 
concepts in tuberculosis chemotherapy within the past five years. 


Regimen 1: Streptomycin was the only available agent for the earliest patients 
This drug was given parenterally in daily, divided doses totaling 2 to 3 gm. per day 
for a period of four weeks. A “rest period” of two weeks without any chemotherapy 
then followed in an effort to prevent the emergence of resistant organisms. There 
after, parenteral streptomycin was resumed in the above dosage and given for another 
four-week period, again followed by a “rest period’’; this scheme was followed until 
the cerebrospinal fluid findings returned to normal. There were 6 patients treated in 
this manner. 

Regimen 2: Following the development and successful clinical use of para-amino 
salicylic acid (PAS), the above program was revised. New patients were then started 
on 2 to 3 gm. daily of parenteral streptomycin and 12 gm. of PAS by mouth daily 
for a period of four weeks. Thereafter, four-week courses of daily streptomycin were 
alternated with four-week courses of oral PAS. When necessary, intravenous or sub 
cutaneous administration of the sodium salt of PAS was employed. 

During this time the benefits of prolonged chemotherapy gradually became evident, 
and the danger of relapse following short courses of treatment was recognized. There 
fore, the treatment of tuberculous meningitis was prolonged to include a period of at 


MARTIN J. FITZPATRICK 


least six months after the cerebrospinal fluid findings had returned to normal. This 
meant that most patients received continuous chemotherapy for a period of at least 
twelve months. The largest of the four treatment groups, 22 patients in all, received 
combined streptomycin-PAS treatment. 

Regimen 3: In 1951, viomycin® was added to the study, and this led to another 
revision of treatment. New patients were placed on oral PAS, 12 gm. daily for the 
duration of treatment, and in addition received four-week courses of streptomycin, 
2 to 3 gm. daily, alternating with four-week courses of 1 to 2 gm. of parenteral viomycin 
daily. Again, all drugs were continued for six additional months after the cerebro- 
spinal fluid findings had returned to normal. Seven patients were treated on this 
regimen. 

Regimen 4: Isoniazid next appeared as a potent agent in the treatment of tu- 
berculosis and was quickly added to the program. Earlier studies had demonstrated 
the ability of this drug to enter the cerebrospinal fluid in therapeutically effective 
quantities (4). A later report confirmed its beneficial effect in the treatment of tu- 
berculous meningitis (5). The program of treatment at this hospital was again changed 
to one embodying triple daily administration of streptomycin, isoniazid, and PAS. As 
experience accumulated with the use of isoniazid, its total daily dose was increased 
from 4 to 5 mg. per kg. of body weight to 9 to 10 mg. per kg. of body weight. 


For the past year the following has been the standard treatment of menin- 
geal tuberculosis employed at this hospital. Streptomycin, 2 gm. daily, in divided 
parenteral doses is given for a period of two months. The dose is then reduced to 
| gm. daily and continued until the cerebrospinal fluid findings have returned to 
normal. Thereafter, it is continued in intermittent dosage of 1 gm. every third 
day for a period of at least six additional months. Isoniazid and PAS are given 
concurrently, the former in divided oral doses totaling 600 to 750 mg. daily, and 
the latter orally, 12 gm. daily. Eleven patients have been started on this newest 
plan of treatment. Whenever indicated by the presence of serious extrameningeal 
tuberculosis, chemotherapy is extended beyond the six-month period following 
the return of the cerebrospinal fluid findings to normal. 

Following completion of chemotherapy, all patients were observed for a period 
of at least six months on a program of progressive ambulation and vocational 
rehabilitation prior to discharge from the hospital. 


RESULTS 


In the five-year period, 19 (41 per cent) of 46 patients died, all while receiving 
drug treatment. Of the 27 survivors, 10 patients (21 per cent) were discharged 
as recovered. All of these recoveries preceded the clinical use of isoniazid. The 
period of hospitalization in this group ranged from 14 to 50 months, and averaged 
23 months. The duration of chemotherapy received by these 10 patients ranged 
from 12 to 28 months and averaged 17.3 months. Follow-up studies on 8 of 
this group of patients, averaging 21 months after discharge, revealed no evi- 
dence of a relapse of the meningeal infection. Of the 17 patients still hospita- 
lized, 12 (21 per cent) have been treated to the point of a normal cerebrospinal 
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TABLE 1 
SuRVIVAL with INTRATHECAL FoLLowep By PARENTERAL THERAPY 


TOTAL 

LENGTH REGIMEN USED AT 
OF ALL FITZSIMONS ARMY 
CHEMO HOSPITAL 
THERAPY 


SURVIVAL 
FOLLOWING 
INTRATHECAL 
STREPTOMYCIN 


months 
weeks 2 5M Died—2 months 
weeks 2 SM Died—2 months 
3.5 SM Died— 3.5 months 
months 13 SM Died—13 months 
weeks 12 SM Died—12 months 
years 13 SM years 
“ars 27 SM—PAS L&W + years 
ars 13 SM—VM—PAS L & W— 2 years 
I 
I 


months 


N 
9. 22, IND 
10. 22, N 


ars 14 SM—PAS 1.5 years 
ars 15 SM—VM—PAS , & W—2 years 


N—Negro, W—White, IND—American Indian, 8SM—Streptomycin, VM—Viomycin, 
L & W—Living and Well 


fluid and are expected to recover from this episode of meningitis. The 5 remain- 
ing patients are responding in a satisfactory manner to treatment. 

Intrathecal administration of streptomycin: Ten patients previously mentioned 
were treated with intrathecal and parenteral streptomycin at other military hos 
pitals prior to transfer to Fitzsimons Army Hospital. On admission to this hos- 
pital, intrathecal streptomycin was discontinued but oral and parenteral drug 
therapy continued as outlined above. Five of this group died, and 5 survive to 
date. All 5 treatment failures were in patients who did not have concomitant 
miliary tuberculosis. Of the 5 survivors, 3 have been discharged as recovered 
The remaining 2 patients have normal cerebrospinal fluid findings, have com- 
pleted the program of drug treatment, and will be discharged shortly. The 
length of survival and duration of chemotherapy in this group are shown in 
table 1. 

In this small group, survival did not appear to be related to either the age or 
the race of the patient or to the duration of intrathecal treatment. Clinically, 
survival did not correlate with the presence or extent of recognizable extramenin- 
geal tuberculosis. 

The remaining 36 patients with meningeal tuberculosis did not receive intra- 
thecal streptomycin. Of this number, 14 (38 per cent) have died and 22 survive, 
at least four months after start of treatment. Six of 16 patients (37 per cent) 
without miliary tuberculosis and 8 of 20 patients (40 per cent) with concomitant 
miliary tuberculosis died. In this series, the presence of concomitant miliary 
tuberculosis did not appreciably alter mortality, in contrast to the findings of 
others (6). 

Of the 22 survivors, 7 have been discharged and another 10 patients currently 
hospitalized have been treated to the extent that their cerebrospinal fluid find- 
ings are normal and recovery is expected 
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TABLE 2 
ANALYSIS OF TREATMENT FAILURES 
MILIARY 
CLINICAL TUBERCULOSIS PRECEDING wits SURVIVAL ON REGIMEN 


AGE, BRACE 
° MENINGITIS MENIN- TREATMENT 
GITis 


21, W | Urogenital, 6 months 11 months SM—PAS 
30, W | Miliary, 5 years 12 months SM—PAS 
18, W 0,0 2 months SM—INH—PAS 
| Pulmonary 
Urogenital 
0,0 days SM 


Pulmonary, 2 years 
months SM—PAS 


> 1 year months SM—PAS 


Urogenital, 1 year 

0,0 ’ 3 weeks SM 

0,0 i week SM—PAS 
Miliary, months 5 months SM—PAS 
Urogenital, 6 months 

0, 0 ’ 3 months SM—PAS 
Lymphadenitis, 4 months ; months SM—PAS 

0,0 , 2 months SM—PAS 
Pulmonary, 7 years , 2 months SM 

0,0 i 9 months SM—VM—PAS 


N—Negro, W—White, 8M—Streptomycin, VM—Viomycin, INH—Isoniazid 


The pertinent data regarding the treatment failures in this group are given in 


table 2. 

The period of survival from start of chemotherapy in this group ranged from 
6 days to 13 months, and averaged 5.2 months. One half of this group did not 
have a clinical diagnosis of tuberculosis established prior to the onset of meningeal 
tuberculosis. 

Ten patients have been discharged to date. Of these, 3 received two- to four- 
week courses of intrathecal streptomycin prior to prolonged chemotherapy by 
other routes at this hospital. The essential facts regarding the discharged patients 
are listed in table 3. 

Damage to auditory apparatus: In 3 of the 10 discharged patents, there was 
evidence of moderate to severe damage to the eighth cranial nerve at the time 
of discharge. This has proved permanent, showing no tendency to either progress 
or diminish with the passage of time. It is of interest that none of these 3 
received intrathecal streptomycin. It has not, however, proved incapacitating, 
as 2 of these men are gainfully employed. In these 10 patients, drug therapy was 
given for periods ranging from 12 to 28 months, with an average of 17.3 months. 

An evaluation of the therapeutic efficiency of the four basic regimens employed 
in this study is presented in table 4. 

Isoniazid: These data suggest that isoniazid has been of definite added value 
in the more rapid resolution of meningeal tuberculosis, as manifested by the clear- 
ing of the cerebrospinal fluid. The early defervescence, mental clearing, restora- 
tion of appetite, and rapid clearing of meningeal signs and symptoms which have 
been noted clinically are all indicative of a profound antibacterial action. 
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TABLE 3 


ANALYs1s oF DiscHarGep PATIENTS 


MILIARY 


REGIMEN AND DURATION RESIDUAL DEFECT 
PRECEDING MENINGITIS MENIN- 
GItTis 


Intrathecal 3] None 
1 month 
SM, 
13 months 
Intrathecal 
1 month 
SM—PAS, 
21 months 
Intrathecal 8M, 
2 weeks 
SM—PAS—VM, 
12 months 
Pleural effusion; 
bilateral, 
5 months 
Tuberculous peri SM, 14 months ++ hearing loss 
tonitis, 4 months right ear, only 
0,0 SM—PAS, None 
14 months 
0,0 SM—PAS, None 
18 months 
Lumbar spine, 


4 months 
Pulmonary, SM—PAS, ++ vestibular and 


4 months 18 months hearing loss, bi 
lateral 
Lumbar spine, 


4 years 
SM—PAS, None 
Urogenital,| month) Yes 13 months 
0,0 Yes SM—PAS, ++++ vestibu- 
28 months lar; ++ hearing 
loss, bilateral 
,N | Urogenital, Yes SM—PAS, None 
4 months 18 months 


W—White, N—Negro, 8M—Streptomycin, VM—Viomycin. 


In 11 previously untreated patients with tuberculous meningitis given large 
doses of isoniazid combined with daily parenteral streptomycin and oral PAS, 
there has been one death to date. This occurred in an 18-year-old, white pregnant 
female admitted in coma with untreated meningitis of two weeks’ duration. She 
failed to regain consciousness and gradually lapsed into the picture of decerebrate 
rigidity, described by others (7) as invariably fatal. The patient died after two 
months of intensive treatment. In the 10 survivors, there has been a complete 
clearing of symptoms and clinical signs of meningitis during the first three months 
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TABLE 4 


Tuerarevutic Erriciency or ReGimens 


one SM—INH 


Total number of patients 

Dead 

Discharged 

Treated to normal cerebrospinal fluid 

Average time for cerebrospinal fluid to become 


normal (months 13.5 


SM—Streptomycin, VM—Viomyein, INH—Isoniazid 


TABLE 5 


LELATION OF EXTRAMENINGEAL Disease TO SURVIVAL 


Genitourinary system 
Bone 
Pulmonary 


Pleural 


of treatment. Six have regained a normal cerebrospinal fluid, and prolonged 
treatment is being continued. The time required to regain a normal cerebrospinal 
fluid in these 6 patients ranged between four and eight months, and averaged 
6 months. 

Extrameningeal foci: There were 12 patients with meningeal tuberculosis who 
did not have other clinically recognized foci of active disease. In none of these 


patients was a hematogenous dissemination noted clinically. Of this number, 
6 died and 6 survived. Autopsy studies on the 6 treatment failures revealed tu- 
berculosis of the bronchopulmonary and mediastinal lymph nodes with a healed 
pulmonary parenchymal focus in 5, all undetected on routine chest roentgeno- 
grams. The remaining patient had tuberculosis of the retroperitoneal lymph 
nodes. In no instance were cortical tubercles identified on routine section of the 


brain in the 12 patients 

Of the 8 patients with combined miliary and meningeal tuberculosis who died, 
3 had extensive, caseous, urogenital tuberculosis. In the remaining 5 patients, 
it was believed that the hematogenous dissemination had evolved from medias- 
tinal and bronchopulmonary lymphadenitis, related to a primary pulmonary 
infection. Cortical tubercles were identified on routine section of the brain in 2 
instances in this group 

The presence of clinically recognized urogenital tuberculosis carried the gravest 
prognosis in this series of patients with meningeal tuberculosis. Six of 8 patients 
with this form of extrameningeal tuberculosis were dead within twelve months 
following the onset of meningitis. 

The relationship of active extrameningeal tuberculosis to survival in the 46 


patients studied is shown in table 5. 
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Precipitating factors: In searching for a precipitating factor in regard to onset 
of meningitis in this group, no definite correlation with any causal agent was 
found. However, 6 patients (13 per cent) developed meningitis within one to four 
weeks following these surgical procedures: appendectomy, craniotomy, spinal 
fusion, ileocolectomy, epididymectomy, and orchiectomy. Another 2 patients 
developed meningitis coincident with pregnancy. 

First appearance of meningitis during streptomycin-PAS therapy: Approxi- 
mately one-fourth of these 46 patients (11 patients) developed clinically recog- 


nizable meningitis while receiving intermittent streptomycin and daily PAS for 
extrameningeal tuberculosis. On establishing the diagnosis of tuberculous menin- 
gitis, therapy was changed to daily parenteral streptomycin, and intrathecal 
streptomycin was withheld. Five of these patients died (45 per cent), and 6 sur- 


vived. Four of the latter have reached the point of normal cerebrospinal fluid and 
are expected to recover under prolonged treatment. It is interesting to speculate 
whether or not the prompt addition of isoniazid in large doses to these 11 patients 
would have favorably influenced survival and decreased the time necessary for 
conversion of the cerebrospinal fluid to normal. 

Emergence of drug-resistant tubercle bacilli: In only one patient in this series was 
there clear-cut evidence of the emergence of bacillary resistance in the cerebro- 
spinal fluid while under treatment. 


This occurred in a 32-year-old Negre veteran, who died of his disease. Prior to admis 
sion to this hospital he had received streptomycin alone for five months (70 gm.) for 
genitourinary tuberculosis and an acute hematogenous dissemination. On admission to 
Fitzsimons Army Hospital, he had a second hematogenous dissemination. The cerebro 
spinal fluid examined at that time was normal, and he was placed on alternating 
four-week courses of streptomycin and PAS, as previously described. Two months later 
meningitis developed and cerebrospinal fluid culture yielded M. tuberculosis susceptible 
to both streptomycin and PAS. Two months later the organisms recovered from the 
cerebrospinal fluid were highly resistant to both streptomycin and PAS‘. The patient 
had received a total of 42 gm. of streptomycin and 1,040 gm. of PAS at this hospital and, 
following the appearance of meningitis, had maintained a cerebrospinal fluid strepto 
mycin concentration between 20 to 50 y per ml. on parenteral therapy. One month later 
the patient developed a complete subarachnoid block of the lumbar cord and died 


Post-treatment relapse: Relapse following discontinuation of treatment was 
observed in only one patient. 


A 24-year-old, white male was admitted in 1948 with miliary and meningeal tuberculo 
sis. For the next sixteen months he received alternating four-week courses of daily strep 
tomycin or PAS. At that time his cerebrospinal fluid had been normal in all respects for 
three months. He remained asymptomatic for two months following the withdrawal of 
drug therapy, and then developed a clinical relapse. Repeated cultures of the cerebro 
spinal fluid at that time yielded M. tuberculosis susceptible to both streptomycin and 
PAS. These two drugs were again resumed and continued on the alternating regimen for 
the next twenty months. The cerebrospinal fluid again became normal within eight 
months, and chemotherapy was prolonged for twelve additional months. This patient 


* As outlined in previous publication from this hospital (8), cultures showing growth on 
the 10 y per ml. tube equal to that on the control (0 y per ml.) were called resistant to the 
drug tested 
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is now well and working part time, two years following completion of the second course 
of treatment 


Subarachnoid block: The development of clinically recognized block within the 
subarachnoid space occurred in 6 of the 19 treatment failures (33.7 per cent). 
Two of these patients had received intrathecal streptomycin for three and four 
weeks, respectively, and following this survived for two months and eleven 
months, respectively, before the development of a mechanical subarachnoid 
block resulted in death. The 4 patients not treated with intrathecal streptomycin 
survived for periods ranging from four weeks to nine months before this fatal 
complication appeared. 

Two additional patients in this series developed a mechanical subarachnoid 
block which apparently resolved spontaneously on conservative management. 


One patient, a 17-year-old housewife, had received one month of intrathecal strepto- 
mycin at another hospital and within two months had developed a complete block some- 
where between the cisterna magna and the lumbar cord. Her cerebrospinal fluid protein 
level rose steadily to a level of 5 gm. per 100 ml. On conservative management with 
parenteral streptomycin, oral PAS, and isoniazid in large doses over the next two months, 
her general status improved remarkably and manometric studies revealed normal 
cerebrospinal fluid dynamics. The cerebrospinal fluid protein fell to the vicinity of 0.2 
to 0.3 gm. per 100 ml., and treatment is being continued. 


One additional patient also had clearing of a mechanical subarachnoid block 
on prolonged conservative management with triple drug therapy. 

It was believed that there was no significant correlation between the route of 
administration or duration of streptomycin therapy and the development of 
subarachnoid block in this series. 


DISCUSSION 


Following the early widespread use of streptomycin in treating meningeal 
tuberculosis, many favorable reports appeared in the world literature. A prelimi- 
nary report from the British Medical Research Council demonstrated the superi- 
ority of combined intrathecal and parenteral streptomycin over parenteral strep- 
tomycin alone in their case material (9). Other investigators began using intrathecal 
streptomycin in larger dosage and for more prolonged periods and reported 
results superior to those previously obtained with parenteral streptomycin (10). 
In an effort to raise the survival rate, catheter instillation of streptomycin to the 
inflammatory exudate in the subarachnoid space at the base of the brain was 
employed by this group. The major attack at this time was the administration 
of maximal concentration of drug to the organisms in the subarachnoid space 
before the host response to infection prevented proper diffusion and bacteriostasis 
of parenterally and topically applied streptomycin. 

Most investigators are in agreement that, in the presence of inflammation in 
and about the meninges, an increased quantity of streptomycin appears in the 
cerebrospinal fluid when compared to the normal control values. 

It has been shown that the quantity of streptomycin in the cerebrospinal fluid 
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fluctuates in direct proportion to the severity and duration of the meningeal 
inflammation (10, 11). As the inflammatory reaction subsides, the amount of 
parenterally administered streptomycin detectable in the cerebrospinal fluid 
diminishes, only to rise again should an inflammatory relapse occur. A rise in the 
streptomycin concentration of cerebrospinal fluid has been noted by others to 
indicate an impending relapse and to constitute an indication for resumption of 
intrathecal drug administration (10, 11). 

In the present series of patients, analysis of data regarding cerebrospinal 
fluid concentrations of streptomycin has failed to reveal any consistent informa- 
tion that might aid in prognosis. Serial drug determinations in the cerebrospinal 
fluid of survivors were found to closely parallel the values obtained in patients 
who died (12). Survival appeared to have little, if any, relation to the concentra- 
tion of streptomycin appearing in the cerebrospinal fluid. Several patients died 
with drug concentrations consistentiy between 15 and 30 y per ml. of cerebrospinal 
fluid, and without clinical evidence of block. The one consistent finding in the 
surviving patients was the uniform lowering of the streptomycin concentration 
to the range of 1 to 5 y per ml. coincident with the return of the cerebrospinal 
fluid to normal. Data on viomycin and PAS concentrations in the cerebrospinal! 
fluid were found to closely parallel those noted with streptomycin. 

It appears that, with present-day management of meningeal tuberculosis, 
approximately one-half of those treated can be expected to survive (7, 13, 14). 
The exact figures will vary considerably depending on the ages of the patients 
and the length of follow-up. In the present study it has been demonstrated that a 
survival rate of approximately 50 per cent can be obtained by prolonged conserva- 
tive management without the use of intrathecal drugs. Furthermore, the data 
suggest that survival may be closely related to the extent of extrameningeal 
tuberculosis present and to the individual host response to the meningeal infec- 
tion. These factors appeared to influence mortality as much as did the type of 
regimen employed or the drug concentrations achieved in the cerebrospinal 
fluid. 

The pathogenesis of tuberculous meningitis has been adequately described by 
several writers (15, 16). It has been established that the unusual source of infec- 
tion is the rupture of a caseous focus, either a cortical tubercle or a meningeal 
plaque, directly into the subarachnoid space of a sensitized subject. The offending 
lesion is the residual of a previous hematogenous dissemination. The relatively 
minor role of the blood-borne bacilli of a hematogenous dissemination in produc- 
ing the picture of acute meningeal tuberculosis in the adult has also been empha- 
sized by pathologists. The sudden flooding of the subarachnoid space of a sensi- 
tized individual by hosts of tubercle bacilli, and the necrotic debris from a 
ruptured cortical focus, evokes a powerful inflammatory reaction. Many of the 
early symptoms of meningeal tuberculosis can be explained on the basis of local 
tissue hypersensitivity acting within the rigid confines of the cranial vault. 
Under the protection of potent chemotherapeutic agents, the host may survive 
long enough to allow evolution of the acute inflammatory exudate into a chronic 
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inflammatory reaction which may interfere with the antimicrobial activity of 
drugs. 

In an effort to change the poor prognosis of the chronic, organizing inflamma- 
tory reaction in certain patients with meningeal tuberculosis, the precipitation of 
an acute hypersensitivity reaction within the subarachnoid space has been 
accomplished (7). Intrathecal tuberculin combined with streptomycin has been 
used to evoke an intense inflammatory and fibrinolytic reaction at the site of the 
lesions, thus exposing protected tubercle bacilli to the activity of potent drugs. 
The potential hazards of this form of treatment have limited its widespread 
adoption in this country. Historically, however, it marks one of the first successful 
attempts to alter a deleterious host reaction to infection at the same time that 
vigorous measures are being taken against the infection agent. Proteolytic 
enzymes such as streptokinase and streptodornase have also been used intrathe- 
cally in an effort to alter the host response to infection (17). More recently the 
anti-inflammatory and mesenchymal inhibitory actions of the adrenal cortical 
hormones have been used in combination with streptomycin to treat tuberculous 
meningitis (18). 

As more potent antibacterial agents are developed, there will be an increasing 
opportunity to destroy the offending organisms in and about the inflamed 
meninges before irreversible host responses prevent this action. From the data 
presented in this study, it is evident that continued progress in reducing the mor- 
tality of meningeal tuberculosis has coincided with the development and use of 
new drugs. Isoniazid combined with streptomycin and PAS will undoubtedly 
further increase the incidence of survival in this disease. But it is also apparent 


that progress in the development and use of antibacterial drugs has for the time 
being overshadowed the investigation and understanding of the factors governing 
the host response to this infection. It is not unlikely that some day the absolute 
limits of what can be expected by tuberculocidal and tuberculostatic drugs in 
meningeal tuberculosis will be reached. To progress further will require additional 
painstaking study of the factors governing tissue response to this infection and 


the development of methods of control. 


SUMMARY 


The results of a five-year study at Fitzsimons Army Hospital of 46 adult pa- 
tients with meningeal tuberculosis have been presented. During this period 19 
patients (41 per cent) have died, and 10 patients (21 per cent) have been dis- 
charged as recovered. Of the 46 patients, 36 have been treated without intrathecal 
streptomycin. Fourteen (38 per cent) of the latter have died, while 17 (47 per 
cent) have regained a normal cerebrospinal fluid. The 5 remaining patients, to 
date, are responding satisfactorily to treatment. 

The changing concepts of the chemotherapy of tuberculous meningitis during 
this period have been discussed. 

The results achieved to date with parenteral streptomycin, oral isoniazid, and 
para-aminosalicylic acid (PAS) suggest that this regimen offers the best hope for 
control of meningeal tuberculosis. 
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The interrelations of pathogenesis, host response to infection, and bacterial 
control by chemotherapy have been outlined. 


SUMARIO 
El Tratamienio de la Meningitis Tuberculosa: Estudio de Cuarenta y Seis Enfermos Adultos 


Preséntase el resultado de un estudio de cinco afios de 46 enfermos adultos con tuberculo 
sis meningea en el Hospital Militar Fitzsimons. Durante ese periodo, 19 (41 por ciento) 
enfermos han muerto y se ha dado de alta a 10 (21 por ciento) como curados. Del grupo, 36 
fueron tratados sin estreptomicina por via intratecal. Catorce (38 por ciento) de éstos han 
muerto, en tanto que 17 (47 por ciento) muestran de nuevo un liquido céfalorraquideo nor 
mal. Los 5 sujetos restantes van respondiendo, hasta la fecha, satisfactoriamente al trata 
miento 

Diseitense los cambios que ha habido en nuestros conceptos de la quimioterapia de la 
meningitis tuberculosa durante el periodo en cuestién 

Los resultados conseguidos hasta ahora con la estreptomicina por via parentérica, la 
isoniacida por via oral y el 4cido para-aminosaliciflico (PAS) sugieren que ese régimen es 
el que ofrece mayores esperanzas para el dominio de la tuberculosis meningea. 

Bosquéjanse las interrelaciones de la patogenia, la mejor respuesta a la infeccién y el 
dominio bacteriano por la quimioterapia. 


RESUME 
Le traitement de la méningite tuberculeuse: Etude chez quarante-siz adultes 


Présentation des résultats d’une étude effectuée pendant cing ans A |’Hépital militaire 
Fitzsimons dans 46 cas de méningite tuberculeuse chez |’adulte. Au cours de cette période, 
19 malades (41%) sont morts et 10 (21%) sont sortis de l’hépital aprés guérison. Parmi 46 
malades, |’injection sous-arachnoidienne de streptomycine a été omise chez 36 d’entre eux 
Quatorze (38%) membres de ce dernier groupe sont morts, alors que chez 17 (47%) le liquide 
céphalo-achidien est redevenu normal. A ce jour, les 5 autres malades réagissent favorable 
ment au traitement 

Les différentes conceptions émises au sujet de la chimiothérapie de la méningite tuber 
culeuse au cours de cette période sont étudiées 

Les résultats acquis actuellement avec la streptomycine parentérale, |’isoniazide orale 
et l’acide para-aminosalicylique (PAS) suggérent que cette thérapeutique permet les meil 
leurs espoirs quant au contréle de la tuberculose méningée 

Les corrélations de la pathogénése, réponse de |’héte A l’infection et contrdle des bac 
téries par la chimiothérapie ont été esquissées 
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INTRODUCTION 


The tendency of tuberculosis to run in families may be largely attributed to 
epidemiologic factors: first and foremost, to the increased risk of infection when 
a member of a family first contracts the disease from the outside world. Still an 
open question, however, is the possibility of familial variation in susceptibility 
or resistance to tuberculosis. Lack of definite evidence in this domain is primarily 
the result of practical difficulties. To develop a suitable method for discriminat- 
ing between constitutional and epidemiologic factors which operate in ordinary 
human tuberculosis would seem to involve almost insurmountable difficulties. 

In recent studies (1, 2,3), the problem has been attacked indirectly from quite 
a different angle. Instead of dealing with natural tuberculous infection and the 
influence of constitutional factors on its development and course, the measurable 
effects of a benign artificial tuberculous infection (BCG) have been investigated. 
Through the use of a statistical procedure known as the analysis of variance, 
it was found that the tuberculin reactions, as well as the local lesions, after BCG 
vaccination were more uniform in size among children belonging to the same 
family than in children from different families. In other words, a child’s capacity 
to respond to artificially introduced tubercle bacilli is influenced by his familial 
constitution. Children of some families have the capacity to develop strong tu- 
berculin allergy after vaccination, those of other families develop weaker allergy; 
and the same holds true for the capacity to develop local lesions at the vaccina- 
tion site. 

Assuming that the responses to a natural tuberculous infection depend also 
on constitutional factors, it could be questioned whether a person’s capacity to 
develop allergy or vaccination lesions is somehow linked with his resistance to 
tuberculous disease. The present study was undertaken in an attempt to answer 
this question. 


MATERIALS AND METHODS 


The present study, together with several others, was a by-product of a large- 
scale investigation of BCG vaccine undertaken jointly by the International Tu- 
berculosis Campaign, the State Serum Institute in Copenhagen, and the Tuber- 
culosis Research Office of the World Health Organization (4). The investigation 
was carried out in a rural area of Denmark, and the subjects were schoolchildren, 
essentially all within the age span of seven to fourteen years, with an equal pro- 
portion of boys and girls. The previously unvaccinated children who gave less 


! From the Tuberculosis Research Office, World Health Organization, Copenhagen, Den- 
mark. 
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than 6 mm. of induration to an intradermal Mantoux test with 10 TU* were vac- 
cinated in a series of studies dealing with different vaccines and vaccination 
techniques. 

As an integral part of these studies, the size of the local vaccination lesion was 
measured three days and ten weeks after vaccination. Mantoux tests with 10 
TU were also given after ten weeks (simultaneously with the second reading of 
the lesions) and again one year after vaccination, the transverse diameter of in- 
duration being recorded after an interval of seventy-two hours. 

These recordings, obtained from children vaccinated in the first seven studies 
during the period from November, 1949, to October, 1950, provided one part of 
the basic material used in the present analysis. The other part consisted of spe- 
cially collected information on the incidence of tuberculosis among the relatives 
of the children. The plan was then to combine the information obtained from the 
two sources in an attempt to determine whether the family factors known to 
influence the responses to BCG are related to some (hypothetical) family factors 
which may influence susceptibility (or resistance) to tuberculous disease. 


As a first step in collecting data on incidence of tuberculosis in the families, one or both 
parents of the vaccinated children were interviewed. For practical reasons, the interviews 
had to be confined to a limited number of families, approximately 500, and the problem of 
selecting these families most efficiently from the total number available was therefore 
specially considered. As families with more vaccinated children provided more observations 
on the responses to vaccination, only those with at least two vaccinated children were 
included (too few families had more than two vaccinated children to set the limit higher) 
Further, significant differences in the incidence of tuberculosis would most probably be 
found between families differing widely with respect to the responses recorded in the vac- 
cinated children. Both measures of response—size of local vaccination lesions as well as 
size of Mantoux reactions—might potentially be related to the degree of resistance. Conse 
quently, the selection was made from a correlation diagram in which all families were dis 
tributed by mean size of the children’s local lesions and Mantoux reactions, both recorded 
ten weeks after vaccination. Because vaccines of different strengths were used, the measured 
size of each reaction was converted to the deviation from the mean value of the reactions of 
all children vaccinated with the same vaccine 

The distribution of the families with two or more children by the two criteria is shown 
in table 1. The areas from which families were selected are bounded by heavy lines in the 
diagram. In all, 499 families were selected from a zone following the outer limits of the dis 
tribution so that various combinations of small and large lesions with low and high allergy, 
as far as possible, were equally well represented. Another 51 families were selected from the 
center of the distribution to provide a control group of typical or average responses 

Of the 550 families selected, 60 had to be omitted after the interviewing because the 
information collected was insufficient or because the children in the family appeared to be 
adopted. The study is therefore based on 490 families with, in all, 1,101 children, an average 
of 2.25 children per family 

The interview scheme included information on the children’s parents and grandparents 
and on all of the sisters and brothers of both parents. In the following presentation they 
are referred to as the relatives of the children. From the interview the total number of 
relatives, dead as well as alive, was determined for each family; and, for those no longer 


*1 TU (tuberculin unit): 1/50,000 mg. ref. standard purified protein derivative (PPD 
or 0.01 mg. of international Old Tubereulin (OT) (0.1 cc. of 1/10,000 dilution) 
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TABLE 1 
FAMILIES with Two or More BCG-Vaccinatep Distrisutep BY MBAN Size 
OF THE CHILDREN’s VaccINaTION Lesions AND Mantoux Reactions To 10 Tl 
Ten Weeks Arrer VACCINATION 


MANT X REACTION AFTER TEN WEEKS MEASURED FROM MEAN OF VACCINE GROUP (MM 


MEASURED 

FROM MEAN 

OF VACCINE 3 
GRO 


alive, the name and address at the time of death and the years of birth and of death were 
recorded. Whenever possible, the cause of death was entered on the interview forms, filled 
in by a statistically trained nurse. Tuberculous disease not resulting in death was not in 
cluded in the analysis, as the definition and diagnosis of such cases would involve too much 
uncertainty 

As not too much confidence could be placed in the information obtained from the inter 
viewed persons on the cause of a relative’s death, great efforts were made to verify or sup 
plement the information. All deaths after 1925 were compared with the tuberculosis card 
index in the Danish State Health Department (Sundhedsstyrelsen). This card-index is based 
on official death certificates and contains information on all persons who have died from 
tuberculosis since 1925. Moreover, all deaths suspected to be due to tuberculosis and not 
found in the card-index, primarily because they occurred before 1925, were compared with 
the original death certificates filed in different archives in Denmark. The remaining un 
verified cases were compared, whenever possible, with the clinical records in hospitals and 
sanatoriums. 

In tables 2 through 8, deaths among the children’s relatives are classified into two groups 


verified tuberculosis deaths and possible tuberculosis deaths. Verified tuberculosis deaths 


INATION 
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TABLE 2 
Tusercuiosis Deatus per 1,000 Revatives or BCG-Vaccinatep CHILDREN ACCORDING 
ro Size or Tue Curtp’s Manroux Reaction to 10 TU Ten Weexs 

ArTerR VACCINATION 


TUBERCULOSIS DEATHS 
| per 1,000 RELATIVES 
MANTOUX REACTION AFTER TEN WEEKS NUMBER OF NUMBER OF 


MEASURED FROM MEAN OF VACCINE GROUP | CHILDREN RELATIVES 
Verified plus 


Verified | Possible 


+1 
+2 
+3 
+5.00 


Not examined 


Total 1,101 20 063 


include only those in which the card-index, the death certificate, or hospital record explicitly 
indicated that the death was the result of tuberculous disease. Whenever doubt existed 
about the cause of death, the cases were listed as possible tuberculosis deaths. This heading 
also includes deaths reported in the interview as tuberculous but of which no record could 
be found in the archives 


RESULTS 


For analysis of the results, the individual child has been considered the unit, 
which means that a particular relative appears as many times in the tables as 
there are children in the family. The same holds for the deaths from tuberculosis 
among the relatives. The reason for this is primarily the fact that the families in 
the study are of different sizes. 

Among the total of 20,063 relatives thus counted, 230 verified and 88 possible 
deaths due to tuberculosis were found. The average number of verified tubercu- 
losis deaths per 1,000 relatives was 11.5, and the average number of verified plus 
possible tuberculosis deaths was 15.9. 

Table 2 and figure I show how the death rates vary with the size of the child’s 
induration to the Mantoux 10 TU test ten weeks after vaccination. Verified 
tuberculosis deaths vary from 8.7 to 16.4 per 1,000 relatives, but no systematic 
pattern is found; verified deaths plus possible deaths vary from 12.9 to 22.0. 
There are slight indications of a higher mortality among relatives of children 
with low allergy, but the differences in the rates of tuberculosis deaths are not 
statistically significant. Testing the hypothesis of even distributions, the proba- 
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to 5.01 107 1,858 11.8 17.8 
5.00 to —3.01 108 1,953 16.4 22.0 
-3.00 to —2.01 89 1, 586 11.3 15.8 
2.00 to —1.01 100 1,773 9.6 13.5 
-1.00 to —0.01 107 2,000 12.0 17.0 
0 to +0.99 123 2,300 8.7 13.5 
to +1.99 SS 1,657 10.9 13.9 
to +2.99 80 1,472 10.2 17.0 
to +4.99 151 2,787 11.5 12.9 
to 140 2,528 11.5 15.8 
149 20.1 26.8 
11.5 15.9 
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TABLE 3 

Tusercucosis Deatus per 1,000 Retatives or BCG-VaccinaTep CHILDREN ACCORDING 
To Size or tHe Curiyp’s Mantoux Reaction to 10 TU One Year 

AFTER VACCINATION 


TUBERCULOSIS DEATHS 

Per 1,000 RELATIVES 

MANTOUX REACTION AFTER ONE YEAR NUMBER OF NUMBER OF 
MEASURED FROM MEAN OF VACCINE GROUP CHILDREN RELATIVES 


Verified Verified pus 


Possible 


1,198 
1,391 
1,083 
1,496 
1,795 
1,747 
1,598 
1,117 
1,891 
1,107 


Not examined 302 5,640 


Total 1,101 20 ,063 


TABLE 4 
Deatus per 1,000 Retatives or BCG-VaccinaTep CHILDREN AccoRDING 
To Size or THe Cuiip’s VaccinaTION Lesion Taree Days Arrer VACCINATION 


TUBERCULOSIS DEATHS 
Pee 1,000 RELATIVES 
VACCINATION LESION AFTER THREE DAYS NUMBER OF NUMBER OF 
MEASURED FROM MEAN OF VACCINE GROUP CHILDREN RELATIVES 
Verified Verified = 
Possible 


mm. 
- to —1.5l 2,079 18 
1.50 to —0.51 5,789 15 
—0.50 to —0.01 3,710 8.6 14 
0 to +0.49 2,823 4. 18.! 
+0.50 to +1.49 3,204 
+1.50 to +2.99 8 1,456 ll 
+3.00 to 592 13 


Not examined 14 320 2.! 18 


Total 1,191 20 ,063 { 15.9 


bilities found in chi-square tests were 0.70 for verified tuberculosis deaths and 
0.50 for verified plus possible deaths. 

The corresponding variation in tuberculosis death rates among relatives ac- 
cording to the children’s Mantoux reactions after one year is given in table 3 and 
figure II. The relatives of children with reactions of intermediate size have a 
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-1.00 to —0.01 100 12.3 15.0 
0 to +0.99 99 9.7 14.3 
+1.00 to +1.99 &5 9.4 13.1 
+2.00 to +2.99 64 15.2 18.8 
+3.00 to +4.99 103 13.7 21.7 
+-5.00 to 66 11.7 17.2 
10.3 14.4 
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TABLE 5 
Tusercucosis Deatus rer 1,000 Retatives or BCG-Vaccinatrep CHILDREN ACCORDING 
To Size or THe Cuiip’s Vaccination Leston Ten Weeks VACCINATION 


TUBERCULOSIS DEATHS 


PER 1,000 RELATIVES 
VACCINATION LESION AFTER TEN WEEKS NUMBER OF NUMBER OF 
MEASURED FROM MEAN OF VACCINE GROUP CHILDREN RELATIVES 
: Verified plus 
Verifi 
ified Possible 


24 

—5.00 : 10 
3.00 ( 13 
—1.50 -0.! 14.6 

-~0.50 23 
0 4¢ 15.6 
+0. 50 : 17.: 
+1.50 2 5 ; 
+3.00 18.: 
+5.00 14.: 


Not examined 7 : 12.! 


Total 1,101 20 ,063 


TABLE 6 
Tupercucosis Deatus per 1,000 Retatives or BCG-Vacctnatep CHILDREN ACCORDING 
To Size or THe CuiLp’s VaccinaTION LESION AND Mantroux REACTION 
ro 10 TU Ten Weeks Arrer VAccINATION 


VACCINATION LESION) wanTOUX REACTION AFTER TEN WEEKS MEASURED 
AFTER TEN WEEKES FROM MEAN OF VACCINE GROUP 
MEASURED FROM 
MEAN OF VACCINE 

GRouP ~3.01 —3.00 to —1.00 to +1.00 to) +3.00 
mm 1.01 +0.99 +2.99 to 


TUBERCULOSIS DEATHS 


Verified to ~3.01 5.9 13 
Verified plus possible 3 | 18.: 


9 


Verified 
—().i 
Verified plus possible to 
Verified 


-0.50 to +0.49 
Verified plus possible ” 


+0.50 to +2.99 
Verified plus possible 
+3.00 to 
Verified plus possible 
Verified 


‘otal 
Verified plus possible Tota 
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2) 8.7) 13.0 
12.9 | 11.2 9.1 8.0 8.6 10.0 
17.0 | 15.9 | 13.6 | 13.8 | 11.9 | 14.4 
21.2 | 11.9 | 20.4 7.8 | 15.2 
35.3 30.8 16.4 24.9 10.9 | 20.4 
18.6 5.7 | 10.2 9.1 | 13.6 | 12.2 
27.1 7.6 | 15.8 | 15.2 | 17.2 | 17.4 
13.5 10.9 9.8 12.7) 15.8 13.0 
13.5 ; 15.3 | 14.7 | 17.7 | 17.1 | 16.2 
14.2; 10.4 10.2 10.5 11.5) 11.5 
19.9 | 14.6 | 15.1 15.3 | 14.3 | 15.9 
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TABLE 7 
Deatus per 1,000 Retatives or BCG-VacctnaTep CHILDREN AccoRDING 
TO THE ReLation Berween THE CuiLp’s Post-VaccinATION ALLERGY AND 
Size or Vaccination Lesion Arter Ten 


VERIFIED 

POST-VACCINATION ALLERGY NUMBER OF Tl , PLUS POSSIBLE 

IN RELATION TO SIZE OF NUMBER OF NUMBER OF VERIFIED 8: TUBERCULOSIS 
VACCINATION LESION HILDREN RELATIVES TUBERCULOSIS Ra 000 sanewnes DEATHS 


TUBERCULOSIS 
AFTER TEN WEEKS DEATHS Pee 1,000 
VES 2EATHS 
RELATIVE DEATH RELATIVES 


A. Low 2 6,630 ' 2.8 118 17.! 
B. Intermediate 5,137 j : 86 16.7 
C. High 8,147 Ss ¢ 110 13.! 


Total 19,914 ‘ 314 15 


Chi-square test of significance 


TABLE 8 


TupercuLosis Deatus per 1,000 Retatives or BCG-VacctnaTEep CHILDREN ACCORDING 
To THE Re.aTion Berween THE Size or THE VacctinaTION LESION 
Arrer Ten Weeks anv Turee Days 


VERIFIED 

SIZE OF VACCINATION LESION NUMBER OF a aa PLUS POSSIBLE 
AFTER TEN WEEKS IN NUMBER OF NUMBER OF VERIFIED DEATHS . PLUS POSSIBLE TUBERCULOSIS 
RELATION TO SIZE CHILDREN RELATIVES TUBERCULOSIS pre 1 000 Tu BER " Losi DEATHS 
APTER THREE DAYS DEATHS Per 1,000 
RELATIVES DEATHS 4 
RELATIVES 


A. Small 2 9.84 106 13.72 
B. Intermediate ‘ , 60S 10.41 72 15.62 
C. Great K 5 101 13.78 133 18.14 


Total 1,083 | 19,665 225 1.44 | 311 15.81 


Chi-square test of significance P < 0.10 P < 0.10 


lower mortality than those of children who fall into the extreme groups, but again 
the deviatien from an even distribution is not statistically significant. The proba- 
bilities found in chi-square tests as described above were 0.70 for verified deaths 
and 0.50 for verified plus possible deaths. 

The data in the tables thus do not give any evidence of a relation between a 
child’s capacity to develop tuberculin allergy and the tuberculosis mortality in 
his family. 

Results from grouping the relatives according to the size of the children’s vac- 
cination lesions measured three days after vaccination are given in table 4 and 
figure II]. Again, no significant relation may be demonstrated, the probabilities 
found in chi-square tests being 0.40 for both verified deaths and verified plus 
possible deaths. 

The greatest deviation frum an even distribution of the deaths from tubercu- 
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losis was found when the deaths were grouped according to the size of the chil- 
dren’s local lesions ten weeks after vaccination. The number of verified tubercu- 
losis deaths per 1,000 relatives varied from 6.8 to 17.8; the number of verified 
plus possible deaths, from 10.7 to 23.6 (table 5 and figure IV). The curve in figure 
IV apparently has a maximum just below zero. The probabilities found by the 
chi-square test were 0.10 for verified and 0.20 for verified plus possible deaths. 
Nevertheless, the irregular pattern of the curve does not justify even vague con- 
jectures concerning a simple relation between tuberculosis mortality and size of 
vaccination lesions 

A more complicated relation between measurable effects of vaccination and 
familial susceptibility to tuberculous disease may, however, be obscured in these 
tables, in which each effect is considered separately. Different combinations of 
two effects were therefore tabulated to see if any of them revealed a relation with 
death rates. 

The results of combining size of local lesions and size of Mantoux reactions ten 
weeks after vaccination are shown in table 6. The frequency of verified deaths from 
tuberculosis varied from 2.7 to 26.9, but the two extreme values are based on 
rather few observations. There is a slight tendency for lower death rates in fami- 
lies whose children show high post-vaccination allergy associated with small local 
lesions (upper right-hand corner of the table). Conversely, higher rates are found 
in families with relatively low allergy and large lesions (lower left-hand corner). 
To test whether such a trend actually prevails, the data in adjacent groups in the 
table were combined to form three main groups: cases located along the diagonal 
from the upper left to the lower right-hand corners constitute a middle group 
(B); those below left and above right of this diagonal, the two extreme groups 
(A and C, respectively). Children in Group A developed relatively low allergy in 
relation to the size of local lesions; in the intermediate Group B, the level of 


allergy corresponded to the size of local lesions; and, finally, in Group C, the al- 


lergy was relatively great in relation to the size of local lesions. 

It appears from table 7 that there is a trend in the death rates of the relatives 
who fall in the three groups. The highest mortality is found in families whose 
children developed low allergy in relation to the size of local lesions (Group A); 
the lowest mortality, in families with relatively high allergy (Group C). These 
differences may, however, also be interpreted as random deviations, the proba- 
bilities of obtaining such deviations as tested by chi-square tests being P < 0.20 
for verified deaths and P < 0.10 for verified plus possible deaths. 

Next, the children were grouped by size of vaccination lesions after three days 
and ten weeks to see whether changes in the size of lesions, with time, are related 
to the tuberculosis mortality among the relatives. According to animal experi- 
ments, the rate of development of the local lesion rather than its size after given 
time intervals may be connected with the innate resistance against tuberculous 
disease. Lurie and co-workers (5) found that the lesions developed faster and 
reached their maximum earlier in rabbits of genetically resistant strains than in 
those of susceptible strains. (It may be of special interest that this finding in 
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animals with native resistance resembles the Koch phenomenon observed in 
animals which have been artificially immunized against tubercle bacilli.) 

The human counterpart of this finding would be a low incidence of tuberculosis 
in families whose children show a rapid development of vaccination lesions and 
a high incidence when the development is slow. As above, three main groups were 
formed from the table correlating size of vaccination lesions at three days and ten 
weeks: children with relatively large lesions after three days, and with relatively 
small ones after ten weeks, indicating rapid development of the lesion (A); those 
with the opposite combination, indicating slow development (C); and those in 
an intermediate group (B). The death rates per 1,000 relatives in each group have 
been computed and entered in table 8. The rates show a slight trend in the direc- 
tion expected according to the animal results: lowest in Group A, highest in Group 
C. The deviation from a uniform frequency in all three groups is not statistically 
significant, however, as tested by a chi-square test (P < 0.10 for verified deaths 
as well as for verified plus possible deaths). 


DISCUSSION 


So far the present study has failed to indicate that different levels of tuberculin 
allergy or local lesions within the first year after vaccination reflect familial 
differences in the susceptibility or resistance to tuberculosis. There are indications 
that the combination of small local lesions and high allergy (both recorded ten 
weeks after vaccination) signifies greater familial resistance than the inverse 
combination and also that a rapid development of local lesions may be associated 
with resistance. None of the results, however, satisfies the usual requirements of 


statistical significance. In an attempt to explain the negative results, several pos- 


sibilities might be considered. 

One interpretation of the findings would be that the property of contracting 
disease as a result of tuberculous infection is independent of family factors. For 
general reasons this explanation does not seem plausible. The development and 
extent of tuberculous disease is a response to the invasion of tubercle bacilli. It 
seems unlikely that this type of response should not depend on factors similar 
to those which influence the measurable and benign effects of artificially intro- 
duced BCG. 

Secondly, differences in susceptibility may be assumed to exist without being 
correlated with the ability to develop allergy or a local reaction at the vaccination 
site. Such a hypothesis would be compatible with the findings that allergy level 
and development of vaccination lesions have been shown to depend on certain 
familial factors, but it is also difficult on general grounds to believe that these 
familial characteristics should operate entirely independently of those governing 
the response to a virulent tuberculous infection. In animal studies, Lurie and asso- 
ciates (5) found that strains with different degrees of hereditary resistance against 
tuberculosis showed differences in the rate of development of vaccination lesions 
as well as differences in allergy-producing capacity. Tuberculin sensitivity devel- 
oped faster and reached a higher maximum in genetically resistant than in sus- 


ceptible strains. 
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It may be that the present material is 190 small and too homogeneous to dis- 
close a corresponding correlation between family characteristics. Several possible 
sources of error can be pointed out. Measurements of tuberculin reaction and 
vaccination lesions represent the result of several steps: vaccination, the giving 
of tuberculin tests, and the recording of the reaction sizes (each of which is sub- 
ject to experimental or observational errors). Again, the data collected in the 
interviews may be incomplete and the verification of deaths may be based to some 
extent on wrong diagnoses, particularly in regard to the older death certificates. 
Finally, it must be taken into account that the hereditary properties of the vac- 
cinated child and the relatives included in the study, although all are descendents 
of the child’s grandparents, may show considerable variation. 

No systematic bias seems to be involved in any of the errors mentioned. Never- 
theless, their total effect may be so great that considerably more material than 
the present may be required to show a relation, if any, between susceptibility to 
natural tuberculous infection in human beings and the measurable responses to 
BCG vaccination. 


SUMMARY 


Previous studies showed that familial factors influence the degree of tuberculin 
allergy and the size of the local lesions following BCG vaccination of schoolchil- 
dren. The object of the present study was to investigate the possibility of a rela- 
tion between these factors and familial resistance or susceptibility to tuberculosis. 

For this purpose, tuberculosis death rates among the relatives were determined 
for 1,101 BCG-vaccinated children belonging to 490 families These rates were 
then compared with the measurable indices of the children’s responses to BCG 
vaccination. 

Simple relations could not be demonstrated between the level of post-vaccina- 
tion allergy or the size of the vaccination lesions in the children and tuberculosis 
mortality among their relatives. However, slightly lower death rates were found 
in families whose children showed a rapid development of vaccination lesions, 
compared with those who developed local lesions more slowly. While the differ- 
ences are not statistically significant, they are in accordance with animal experi- 
ments, indicating that the rate of development of vaccination lesions may serve 
as an index of hereditary resistance to tuberculosis. 


SUMARIO 


La Respuesta a la Vacunacién BCG como Indice de la Susceptibilidad Familiar a la 
Tuberculosis 


Estudios anteriores han demostrado que factores familiares afectan la intensidad de la 
alergia a la tuberculina y el tamafio de las lesiones locales consecutivas a la vacunacién 
con BCG de los nifios de escuela. El objeto del estudio actual fué investigar la posible rela 
cién entre dichos factores y la resistencia o susceptibilidad familiar a la tuberculosis. 

Para dicho fin, determindronse los coeficientes de mortalidad tuberculosa entre los 
parientes de 1,101 nifios vacunados con BCG, que pertenecian a 490 familias distintas, y 
se compararon luego esos coeficientes con los indices mensurables de la respuesta de los 
nifios a la vacunacién con BCG 
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No pudieron descubrirse relaciones simples entre la intensidad de la alergia postvacunal 
o el tamafio de las lesiones vacunales en los nifios y la mortalidad tuberculosa entre sus 
parientes. No obstante, observdronee coeficientes ligeramente mds bajos de mortalidad en 
las familias cuyos nifios revelaban répido desarrollo de lesiones vacunales, comparados con 
los que mostraban lesiones locales con mds lentitud. Si bien las diferencias no son estadisti- 
camente importantes, concuerdan con los experimentos en animales que indican que la 
velocidad de la aparicién de las lesiones vacunales puede servir de indice de la resistencia 
hereditaria a la tuberculosis 


RESUME 


La réponse 4 la vaccination par le BCG, comme indice d’une sensibilité famili. + 4 la 
tuberculose 


Des études antérieures ont montré que des facteurs familiaux influencent le segré de 
l’allergie & la tuberculose et |’importance des lésions locales de la vaccination par le BCG 
chez l'enfant d’Age scolaire. L’objet de |’étude actuelle était la recherche d’une relation 
possible entre ces facteurs et la résistance ou la sensibilité familiale a la tuberculose. 

Dans ce but, le taux de mortalité par tuberculose parmi les parents a été déterminé chez 
1.101 enfants vaccinés par le BCG et appartenant a 490 familles; ces taux furent comparés 
aux indices mesurables de la réaction vaccinale au BCG. 

Il n’a pas été possible d’établir de rapports simples entre le degré de l’allergie post- 
vaccinale ou |’importance des lésions vaccinales chez les enfants, et la mortalité par tuber- 
culose parmi les membres de leur famille. Toutefois, un taux de mortalité légérement plus 
faible a été enregistré dans les familles od les enfants présentaient une réaction vaccinale 
accélérée, par comparaison avec ceux chez lesquels le développement de lésions vaccinales 
locales était plus lent. Bien que ces différences ne soient pas significatives, du point de vue 
statistique, elles s’accordent avec l’expérimentation sur |’animal qui indique que la vitesse 
de développement des lésions vaccinales peut servir d’indice de résistance héréditaire A 
la tuberculose. 
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INTRODUCTION 


Artificial pneumoperitoneum for the treatment of tuberculosis has become 
widely used in recent years (4). In some clinics, nearly every patient with active 
tuberculosis may expect to have pneumoperitoneum suggested at some time 
during the course of treatment. The chief reasons for the popularity of the pro- 
cedure appear to be its wide applicability, the apparently simple and easy 
technique, and especially its relative freedom from serious complications. How- 
ever, many ill effects from pneumoperitoneum have been witnessed. The most 
feared complication of pneumoperitoneum, as of pneumothorax, is the serious 
accident of air embolism. The frequency of fatal outcome, especially since it 
often occurs in an ambulatory patient on the road to recovery, has intensified this 
fear. With the increasing use of pneumoperitoneum, air embolism has occurred 
more frequently, as indicated by recent reports (see table 1 and bibliography). 


VOLUME OF AIR NECESSARY FOR EMBOLISM 


The amount of air which causes symptoms or fatalities varies chiefly with 
its site of entrance and localization. Many hundreds of centimeters may grad- 
ually enter a systemic vein and be absorbed or excreted in the lungs without ill 
effects. On the other hand, a minute amount of air may be fatal if it enters a 
pulmonary vein directly or enters a systemic vein and then travels across an 
inter-auricular or ventricular shunt to the left heart. The latter, known as para- 
doxical air embolism, can thus involve the cerebral or coronary arteries. 


SITUATIONS WHICH MAY GIVE RISE TO AIR EMBOLISM 


Air may enter into the circulation accidently in the course of obstetrical, 


gynecological, surgical, diagnostic, or therapeutic procedures. Accidental air 


embolism may also result from rapid decrease in intrapulmonary pressure as 
in caisson disease, deep-sea diving, or rapid airplane ascent. This also occurs 
from artificial positive pressure respiration with formation of air bubbles by 
release of dissolved nitrogen throughout the body. Simple atmospheric pressure 
may cause air to enter a vessel held open during trauma or surgery of the chest. 
Any positive pressure of air in a body cavity may enter into traumatically opened 
veins, especially pulmonary veins, during trauma to the chest, rib fracture, or 
lacerations. Air may also enter a peripheral vein, as result of pneumatic injection 

' From Olive View Sanatorium, Olive View, California 

* Present address: 4111 W. Alameda Avenue, Burbank, California 
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into the anus (criminal or accidental), skin, uterus in abortion, or the diagnostic 
Rubin test. 

Air embolism has been encountered chiefly in the initiation or reinstillation of 
air in artificial pneumothorax from air entering a pulmonary vein, thus going 
directly to the left heart and not being filtered out in the lungs. Peripheral veins 
in the chest wall or pleural adhesions may similarly be entered. This also occurs 
without injection when air from the pleura or bronchi enters a torn or punc- 
tured vein which is under negative pressure but is kept from collapsing by in- 
filtration or fibrosis. Extrapleural pneumothorax with high positive pressure 
increases this danger. Direct cavity puncture by exploring needle, as in Me- 
Dowell or Monaldi procedures or cavernostomy, may also produce air embolism. 
Liver puncture may occur during right artificial pneumothorax, especially if 
the diaphragm is elevated in expiration, or with phrenic paralysis. In surgical 
cases, air embolism has also occurred during thoracoplasty, especially from inter- 
costal veins held open along ribs by fibrosis. During pneumolysis, air may enter 
veins which are held open by adhesions. 

Air embolism may occur in the course of artificial pneumoperitoneum from 
retroperitoneal emphysema which may dissect to the mediastinum and thence 
into the lung, peripheral subcutaneous emphysema, intravascular injection in 
abdominal wall, or puncture of spleen or liver. Liver puncture is by far the 
most common mechanism 


INCIDENCE OF AIR EMBOLISM IN PNEUMOPERITONEUM 


The real incidence of air embolism in pneumoperitoneum is unknown. Only 
100 case reports have been found in the literature. Nonfatal air embolism may be 
unsuspected, asymptomatic, or manifested by symptoms interpreted as mechani- 
cal, neurotic, reflex, or psychogenic, while even fatal air embolism, particularly 
if death is delayed and does not occur on the table, is apt to be ascribed to heart 
failure, anoxia, or other causes. More than a score of deaths from air emboli 
in the course of pneumoperitoneum treatment in California alone during the 
past few years and 11 cases recently reported from a single hospital in Uru- 
guay (51) indicate that this condition is by no means as rare as is usually 
assumed. 

Among 1,800 patients receiving artificial pneumoperitoneum at Olive View 
Sanatorium who had more than 80,000 refills between 1920 and 1952, 2 had fatal 
air embolism which was confirmed at autopsy. One other death resulted from 
inadvertent liver puncture during an attempted right pneumothorax. In addi- 
tion, 3 instances of nonfatal air embolism were seen. One had repeated episodes 


with splenic punctures, which were revealed at autopsy when the patient died 


of air embolism during an attempted initial pneumothorax after the pneumoperi- 
toneum was abandoned. The other 2 patients survived liver puncture complicat- 
ing a right pneumoperitoneum. Additional cases of fatal air embolism following 
pneumoperitoneum have been described in personal communications from other 
places. The salient features of 100 cases reported in the literature, plus 20 previ- 
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ously unreported cases, and of the 7 cases observed here at Olive View are 
presented in table 1. 


RELATION TO SITE OF ADMINISTRATION OF PNEUMOPERITONEUM 


Although pneumoperitoneum is most often given in the left abdomen below 
the umbilicus, it is sometimes given below the ribs on either side. The spleen is 
rarely punctured, although this has occurred, but liver puncture is much more 
likely. The site of injection of air in most cases of air embolism was in the right 
hypochondrium. Three of 5 of the fatal cases at Olive View were proved at 
autopsy to have resulted from air injections directly into the liver, and 2 others 
were presumably due to liver puncture. One case showed splenic punctures, and 


TABLE 1 


Data Basep on Review or 100 Cases or Arr Empouism FoLtow1nG PNEUMOPERITONEUM 
Rerortrep in THe Literature Pivs 2 Previousty Unrerortrep Cases 
7 Cases rrom Ouive View SANATORIUM 


Year Reported 


NUMBER OF CASES 
NUMBFR OF 


REPORTS 
Nonfatal Fatal Total 


1920 

1930 

1940 

1950 

Unpublished communications 
Olive View series 


Total 


Administration 


NUMBER OF CASES 
INDICATION 
Nonfata! Fatal 


Treatment (tuberculosis) 
Diagnosis (nontuberculosis) 


Initial instillation 
Refill 


Side 
Right 
Left 


Amount 
Less than 250 ce 
250 to 499 ce 
500 ce 


3 l 3 4 
7 7 2 9 
24 10 21 31 
28 30 26 56 
15 2 18 20 
1 3 4 7 
| 78 53 74 127 
Total 
15 22 37 
6 9 15 
3 13 16 
5 6 ll 
4 13 
3 7 10 
4 3 7 


Symptoms 


NUMBER OF CASES 
INDICATION 
Nonfatal , Total 


9 
10 
19 


Restlessness 4 
Convulsions 3 
Unconsciousness 10 
Paralysis 

Reflexes absent 

Headache or dizzy 

Pupils dilated 

Involuntary or incontinent 
Blindness 

Paresthesia face 

Psychosis 

Perspiration profuse 


we www o 


5s 25 


Pain in chest 
Pulse absent 

weak 
Blood pressure fall 
Dyspnea 
Apnea 
Cyanosis 
Nausea and vomiting 
“‘Collapse’’ or ‘“‘syncope”’ 
Rales, wheezing, or bubbling in chest 
Froth at mouth 
**Mill wheel’’ murmur 
Distended neck veins 
Pallor or flushed face 


co = 


— 


Observations 


Duration 
Less than 1 hour 
1 to 23 hours 
24 hours or more 


Electrocardiograms obtained 
*‘Normal”’ 
Right heart “‘strain’’ 
Other abnormalities 


Treatment 
Drugs 
Oxygen 
Position (left side or head down, or both) 


Autopsy 

‘right 

Air in heart ‘right and left 
unspecified 

Air in brain 

Air elsewhere 

Liver puncture 

Spleen puncture 


* Case came to autopsy after pneumoperitoneum was abandoned 
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‘ 
10 
4 
6 
6 
0 3 
0 l 
0 l 
0 3 
x 3 6 
4 5 
| 6 15 
4 
13 
14 
18 
2 
6 
4 
3 
2 
l 
9 
2 17 19 
7 3 10 
4 1 5 
3 l 4 
| l 0 l 
3 9 12 
3 6 
4 2 6 
1* 18 19 
0 7 7 
0 2 2 
0 l l 
0 3 3 
0 
0 9 9 
1 2 3 
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the 2 patients surviving air embolism followed air injection into the right hypo- 
chondrium, probably due to liver puncture. 

The frequency of fatal embolisms from simple liver biopsy is low, but, when 
air is injected into the liver, particularly in large amounts, fatality is apt to occur. 
The presence of a patent foramen ovale intensifies this danger. Patent foramen 
ovale has been found in approximately one-fifth of all autopsies but was seen in 2 
of 4 cases of fatal air embolism autopsied at Olive View Sanatorium. Only one 
of the Olive View cases followed initial pneumoperitoneum, none occurred on the 
second instillation, and 5 followed later refills. There were 2 females and 5 males, 
all more than thirty years of age. Air was found in the heart four times, in the 
brain twice, and in abdominal vessels once 


DIAGNOSIS 


In most cases the diagnosis of air embolism becomes obvious with dramatic 
suddenness, usually while the patient is receiving pneumoperitoneum on the 
table or shortly thereafter. The symptoms vary with the site of injection, the 
amount of air entering the circulation, the position of the body, and the effec- 
tiveness of the pulmonary excretory mechanism. Abdominal pain is usually the 


patient’s first symptom, especially if the liver or spleen has been punctured. 


Then in rapid succession the patient may complain of chest pressure, dyspnea, 
or suffocation. He may rapidly become cyanotic, have a convulsive seizure, lapse 
into unconsciousness, and stop breathing. The heart sounds at first are rapid, then 
weak and irregular, and finally cease to be heard. If the air rapidly gets into the 
arterial circulation, the patient may develop symptoms of arterial embolism. In 
one of the Olive View cases it was possible to trace the arterial embolism as the 
air lodged in the different organs gave rise to symptoms peculiar to the affected 
organ. When the retinal vessels are occluded, transient blindness may occur, and 
when embolization occurs in the brain, paralysis and hemiplegias are common. 
In cerebral embolism, respiratory arrest may occur if the medulla is affected. 
Pain in the abdomen or extremities often occurs when air travels to the arterial 
circulation of the lower half of the body. 

Symptoms may be delayed if air is pocketed off at the site of injection and 
later breaks into the circulation. If small amounts begin to circulate in the blood 
stream, the symptoms may be vague or varied and often bizarre, simulating 
other conditions or complications. In nervous individuals, these symptoms are 
often attributed to psychoneurosis. In still others, they may simulate serious 
cardiac disease. Awareness of air embolism as a complication of pneumoperi- 
toneum is important and usually leads to the true diagnosis. If feasible, an 
electrocerdiogram may be helpful by revealing an acute right heart ‘‘strain’”’ 
pattern or conduction changes with varying degrees of heart block. Response to 
treatment by placing the patient on his left side, with the head down, may help 
confirm the diagnosis. A ‘‘mill-wheel’”’ murmur is often described and is due to 
the air in the heart mixing with the blood. Roentgenograms of the abdomen, 
heart, and brain may reveal air in these parts and thus establish the diagnosis. 
In extreme cases, cardiac aspiration may reveal air in the heart which, when 
relieved, gives sudden improvement. 
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MECHANISM OF CIRCULATORY INTERFERENCE BY AIR EMBOLISM 

The entrance of air or other nonabsorbable gas into the blood stream, and its 
transportation or movement within the vascular system, may result in embolism 
or interference with circulation in several ways. Fibrin clots may form around 
the air similar to extravascular clotting. Increased internal resistance and viscos- 
ity may result from greater extent of the interfaces of the air bubbles, especially 
when churned into a foam. Greater elasticity may enable the bubbles, especially 
when large, to slip back through cardiac valves. Because of their greater surface 
tension, large bubbles may fail to break up and so offer greater resistance as they 
encounter bifurcations or narrowing of vessels. The air emboli may act as solids 
and lead to infarction, or may act only as temporary blockages if the gases resorb 
or pass on. 

The stoppages of circulation may be benign if the gas is soon resorbed; in- 
significant, if small or compensated for by collateral circulation, especially if 
they occur in unimportant tissues. On the other hand, a large persistent air 
embolism in important organs may block circulation entirely and prove as fatal as 
in the heart—coronary occlusion or medullary infarction affecting vital organs. 

From a cardiac standpoint, air embolism is always serious. An air trap may 
form in the right ventricular outflow tract, resulting in obstruction to the blood 
flow through the lungs. This may lead to backward cardiac failure with increased 
venous pressure and cyanosis, and/or forward cardiac failure with falling blood 
pressure, rapid thready pulse, arrhythmias, myocardial ischemia, and shock. 


TREATMENT 

As soon as symptoms occur, the patient should be treated for air embolism. 
Durant and associates (12) have shown experimentally how placing the animal 
on his left side relieves the intracardiac obstruction from pulmonary air embolism 
because the air trapped in the right ventricular outflow tract floats toward the 
apex of the right ventricle. The air in the right ventricle is then churned into 
small bubbles and is allowed to pass through the pulmonary vessels to be excreted 
by the lungs. However, such an effort may not prevent intracardiac thrombosis, 
so may not save the patient from a cardiac death. Placing the patient on the left 
side with head down is good treatment since the air is then shunted away from 
the vital areas and into the lower portions of the body, thus avoiding a fatal 
outcome. 

Procaine amide (pronesty!) may be tried intravenously or butacaine may be 
instilled directly into pericardial sac since this reduces heart irritability and may 
offset a fatal ventricular fibrillation. Cardiac aspiration of air in the heart has 
been tried. Stallworth and associates (42) reported this successfully in one case. 
Heart massage in cardiac standstill has also been advocated, but sufficient ex- 
perience with this procedure is still lacking. If heart massage is done, the patient 
should be placed on the left side in a high Trendelenberg position to avoid forcing 
air into the brain. 

PREVENTION DURING PNEUMOPERITONEUM 


Pneumoperitoneum is not entirely devoid of danger. Among its complications 
must be recognized air embolism, which is often fatal. This danger is greater at 
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the initial pneumoperitoneum. Pneumoperitoneum patients should be fluoro- 
scoped prior to therapy just as pneumothorax patients. Air should always be 
injected on the left side below the umbilicus. If the right side is used, one should 
be extremely careful of a liver puncture. It is good practice to palpate both lobes 
of the liver before initial therapy. Although there are a few instances in which 
a right-sided pneumoperitoneum may be used because of left-sided abdominal 
adhesions, as a general rule the right side should be avoided. If the left side can- 
not be used, it may be better to abandon the pneumoperitoneum than risk a 
fatal air embolism. In the left-sided pneumoperitoneum, the abdomen should 
be palpated for splenomegaly prior to institution of therapy. 

Awareness of air embolism is the key to diagnosis. Electrocardiograms taken 
on patients at the time of embolism may show a specific pattern of right heart 
‘‘strain,”’ the degree depending on the amount of air in the heart and the resultant 
dilatation and anoxemia of the cardiac muscle. Prompt treatment of air em- 
bolism by placing the patient in the left lateral position helps by relieving the 
air trap in the outflow tract of the right ventricle, and by keeping the head down 
air is shunted away from the vital centers in the brain. 

SUMMARY 

The literature on air embolism has recently been mounting, stressing the 
frequency of this complication. From the growing literature, one hundred cases 
have been reviewed and twenty-seven additional cases have been added. The 
frequency of air embolism with right-sided pneumoperitoneum is so high as to 
constitute a contraindication to the use of the right side in pneumoperitoneum. 


A characteristic electrocardiographic pattern of right heart “strain” may aid in 
the diagnosis of air embolism. Lowering the head and placing the patient in the 
left lateral position is recommended as the best position during treatment of this 
complication. The newer drugs such as procaine amide (pronestyl) and buta- 
caine should be added to the emergency drugs available whenever air collapse 
therapy is used.Cardiac aspiration or massage should be tried if all other treat- 
ments fail to revive the patient. 


SUMARIO 
Embolia Gaseosa como Complicacién del Neumoperitoneo 


La literatura relativa a la embolia gaseosa ha ido creciendo recientemente, recalcando asf 
la frecuencia de esta complicacién. De esa literatura creciente, se han repasado 100 casos, 
agregAndcles 27 mds. La frecuencia de la embolia gaseosa en el neumoperitoneo del lado de 
recho es tan alta que constituye una contraindicacién del empleo del lado derecho para dicho 
procedimiento. Un tf{pico patrén electrocardiografico de tensién en el corazén derecho puede 
ayudar en el diagnéstico de embolia gaseosa. Como mejor posicién durante el tratamiento 
de esa complicacién, recomiéndase bajar la cabeza y colocar al enfermo del lado izquierdo 
A las drogas destinadas a casos de urgencia en la sala de ‘‘nuemos,’’ hay que agregar las més 
recientes, como Pronestil y Butacafna. Si los demds tratamientos no reviven al enfermo, 
deben probarse la aspiracién o el masaje del corazén 


RESUME 
Pneumopéritoine compliqué d’embolie gazeuse 


Le nombre des communications sur des cas d’embolie gazeuse s'est récemment élevé, ce 
qui met en évidence la fréquence de cette complication. Cent cas extraits de cette littérature 
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croissante, ainsi que vingt-sept cas additionnels, ont été examinés. La fréquence de |’em- 


bolie gazeuse associée au pneumopéritoine droit est si élevée qu'elle constitue une contre 
indication a l’emploi du cété droit comme siége du pneumopéritoine. Un tracé électro 
cardiographique caractéristique de l’effort du coeur droit peut faciliter le diagnostic de 
l’embolie gazeuse. La meilleure position & prescrire pendant le traitement de cette com- 
plication est l’abaissement de la téte et la position latérale gauche du corps. Les drogues 
récentes, telles que le Pronestyl et la Butacaine doivent étre ajoutées A la médication 
d’urgence du service d’insufflation. L’aspiration ou le massage cardiaque doivent étre tentés 
pour ranimer le malade lorsque les autres traitements échouent 
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STUDIES ON THE TUBERCULOINHIBITORY PROPERTIES OF 
ASCORBIC ACID DERIVATIVES AND THEIR POSSIBLE ROLE 
IN INHIBITION OF TUBERCLE BACILLI BY URINE’? 


QUENTIN MYRVIK,’ RUSSELL 8. WEISER, BURTON HOUGLUM,‘ anp LESLIE 
R. BERGER 


(Received for publication June 5, 1953) 


INTRODUCTION 


The report that urine is inhibitory for tubercle bacilli has appeared in the 
literature from time to time (1-5). Bjornesjo (3—5) recently conducted extensive 
investigations on the tuberculoinhibitory properties of urine. He reported that 
the majority of urines of healthy and tuberculous humans possess tuberculostatic 
and tuberculocidal properties. The activity was noted to vary with different 
persons and with the same person at different *‘ aes. The most active urine tested 
produced complete inhibition of growth of .ubercle bacilli in culture medium 
containing concentrations of the urine as low as 12.5 per cent. Inasmuch as the 
activity did not correlate with tuberculin sensitivity in healthy subjects and was 
not elevated in tuberculous subjects, it did not appear to be related to the tuber- 
culous process or to specific antibody. In his attempts to identify the tuberculo- 
inhibitory substance in urine, Bjornesjo tested a great many known urinary 
constituents. None of them was tuberculoinhibitory in concentrations normally 
present in urine. He observed that the active principle is a nonvolatile, dialysable, 
negatively charged, heat-stable substance which is resistant to both acid and 
alkali. It was found to be soluble in water and ethanol, but insoluble in acetone, 
ether, petroleum ether, benzene, carbon tetrachloride, and chloroform. 

It occurred to the present writers that the properties of the urinary substance 
of Bjornesjo are not unlike those of ascorbic acid and certain of its derivatives. 
The well-known fact that the ascorbic acid content of urine fluctuates markedly 
with dietary intake is consistent with the marked variability in the tuberculo- 
inhibitory activity of urines noted by Bjornesjo. Moreover, the observation that 
the addition of ascorbic acid to culture medium renders it strongly tuberculo- 
static for human strains of tubercle bacilli (6, 7) lends tenability to the hypothesis 
that ascorbic acid may be responsible in some manner for the tuberculoinhibitory 
property of urine. 

The idea that the ascorbic acid of urine and serum may exert tuberculostatic 
action is not new. Pichat and Minjat (7) and Pichat and Reveilleau (8) conducted 
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studies on the tuberculostatic properties of the serums and urines from human 
subjects following the intravenous administration of 3 gm. of ascorbic acid buf- 
fered with sodium bicarbonate. These investigators observed that normal human 
serums have a certain low tuberculostatic activity which was not changed by 
the administered ascorbic acid. On the basis of the recent work of Myrvik and 
Weiser (9), it seems probable that the low tuberculostatic activity of serums 
noted was due to lysozyme. Pichat and co-workers also noted that the urines 
voided before the injection of ascorbic acid were apparently without tuberculo- 
static activity since growth occurred after fifteen days of incubation in broths 
containing 50 per cent of the urine. By contrast, the urines taken after the in- 
jection of ascorbic acid produced tuberculostasis in culture medium to which 
as little as 15 per cent of such urines was added. These observations are not in- 
consistent with the concept of the present writers that the tuberculostatic ac- 
tivity of urine reported by Bjornesjo in some way depends on ascorbic acid. 

Ascorbic acid is notoriously unstable in oxidizing environments (10-12). The 
instability of dilute solutions at pH values below 7.0 is often due to the catalyzing 
action of traces of metals such as copper and iron, whereas at higher pH values 
the oxidation is spontaneous (13, 14). It has been reported that, in the first oxida- 
tive step, ascorbic acid is converted to dehydroascorbic acid, which then mutaro- 
tates to 2 ,3-diketogulonic acid (10, 11, 12). At pH values above 6.2, diketogulonic 
acid readily undergoes an oxidative split which results in the formation of oxalic 
acid and t-threonic acid (12). Small quantities of furfurol may also result from 
the oxidation of ascorbic acid, especially at very low pH values (15). Borate 
buffer at pH 7.4 protects diketogulonic acid against oxidation (12). Ascorbic 
acid can be rapidly oxidized to dehydroascorbic acid by the addition of oxidizing 
substances such as iodine and chlorine water or by treatment with charcoal (11). 
Although ascorbic acid readily undergoes oxidation under the many conditions 
mentioned, certain substances, especially of reducing nature, such as glutathione 
and hydrogen sulfide inhibit its oxidation (11). It is notable that dehydroascorbic 
acid may be readily reconverted to ascorbic acid with hydrogen sulfide, whereas 
diketogulonic acid cannot be reconverted to dehydroascorbic acid or to ascorbic 
acid by such treatment (11). 

It is possible that additional unidentified oxidation derivatives of ascorbic 
acid may be formed since it has been reported that ascorbic acid is not quantita- 
tively converted to oxalic and t-threonic acids by auto-oxidation (16). 

The stability of ascorbic acid in urine and in solutions of various urinary salts 
has been studied by Lund and Lieck (17). These investigators found that the in- 
stability of ascorbic acid in phosphate was partially nullified by the presence of 
the chlorides of sodium, potassium, and ammonium. They also noted that when 
phosphate was present, uric acid and creatinine exerted a stabilizing action on 
ascorbic acid, whereas creatine and urea accelerated its auto-oxidation. 

Compared with the in vitro breakdown of ascorbic acid, there is very little 
information on the nature of ite breakdown in the animal body (18, 19). 

In view of the existing reports on the subject, it appeared desirable to investi- 
gate the tuberculoinhibitory properties of ascorbic acid and its derivatives. 
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METHODS AND MATERIALS 


Unless otherwise specified, the following methods and materials were employed through- 
out the investigations 

The mycobacteria used for bacteriostatic teste were M. phlei, M. smegmatis, the BCG 
and Ravenel strains of M. tuberculosis var. bovis, the H37Rv and H37Ra strains of M 
tuberculosis var. hominis, and M. tuberculosis avium. 

The organisms used for bacteriostatic tests were grown in Sauton medium at pH 7.0 
for two days to two weeks. Suspensions were prepared by grinding some of the bacterial 
mass in a sterile mortar, washing in physiologic saline containing 0.04 per cent Tween 80° 
(Tween-saline) and, finally, resuspending in Tween-saline. The suspensions were diluted 
80 as to contain 0.25 mg. wet weight of the bacteria per ml 

The tests for tuberculostatic activity were conducted with BCG 

The antibacterial tests were conducted in screw-cap tubes containing Dubos medium 
(20) plus 0.25 per cent bovine albumin fraction V or, in specified instances, in Proskauer 
and Beck medium at pH 7.0 (21) plus 10 per cent bovine serum. The ingredients in the final 
test mixtures consisted of 4.5 ml. of medium, 0.5 ml. of each of a series of various dilutions 
of the test material in physiologic saline containing M/60 phosphate buffer at pH 6.8 and 
0.1 ml. of the suspension of the test organism. Control mixtures were of identical composi- 
tion except that the test material was replaced by a similar volume of physiologic saline 
containing M/60 phosphate buffer at pH 6.8. Incubation of the preparations was carried out 
at 37°C. for one to two weeks with tubercle bacilli and for one to three days with the other 
organisms tested 

Crystalline L-ascorbic acid was used.* The solutions were prepared by adding the acid 
to M/60 phosphate buffer at pH 6.8. The pH was readjusted to 6.8 with 1N sodium hydroxide 
and sterilized by filtration through a Seitz filter. The auto-oxidation of the solutions of 
ascorbic acid was carried out by placing the material in shallow layers in lightly stoppered 
flasks at room temperature 

Reducing activity of the various materials was determined by the method of Van Ecke- 
len and Heinemann (22 


RESULTS 


Influence of Ingested Ascorbic Acid on the Tuberculostatic Property of Urine 


In the first experiment, the urine of each of 2 healthy male subjects was collected 
at 10:00 p.m., and 1 gm. of ascorbic acid was immediately given by mouth. The 
total urine excreted during the succeeding eight hours was collected from each 
subject and titrated for bacteriostatic activity with the BCG strain of M. tuberculosis 
and with M. phlei. The titrations were performed in screw-cap tubes containing 2.0 
ml. of Dubos broth to which 2.0 ml. of the various dilutions of urine in M/60 phos- 
phate buffer at pH 6.8 were added. The experiment was repeated two weeks later 
on the same subjects with similar results 


The results of the first experiment showed that the increase in the reducing 
activity of urine following the ingestion of ascorbic acid was approximately ten- 
fold for subject A and fifty fold for subject B. The increase in the tuberculostatic 
activity of urine for BCG following the ingestion of ascorbic acid was fivefold 
for subject A. In the case of subject B, the urine taken before treatment was not 


* Tween 80 is the proprietary name for the polyoxyethylene derivative of Sorbitan 
monooleate, obtainable from the Atlas Powder Co., Wilmington, Delaware. 
* The ascorbic acid was crystalline U.S.P. obtained from Merck & Co., Inc., Rahway, 


New Jersey 
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tuberculostatic for BCG in a concentration of 50 per cent, whereas following 
treatment it was inhibitory in a concentration of 5 per cent. Mycobacterium phlei 
was not inhibited by concentrations of 50 per cent of urine of any of the urine 
samples. This is consistent with the subsequent observation that M. phlei was 
not inhibited to any appreciable extent by the addition of crystalline ascorbic 
acid or its derivatives to Proskauer and Beck medium 

It has been found (23) that normal subjects on a high ascorbic acid intake con- 
sistently show lower concentrations of the substance in night than in day urines, 
irrespective of the urine volumes. Hence, the physiologic ‘“‘concentration” of 
urine which normally occurs during sleep would not be expected to account for 
the increased tuberculostatic activity of the urines of the experimental subjects 
following the ingestion of ascorbic acid. The rough correlation between the in- 
crease in reducing power of the urines and the increase in their tuberculostatic 
activity following the ingestion of ascorbic acid strongly suggests that the tuber- 
culoinhibitory property of these urines was related in some way to their content 
of that substance. 

The lack of an exact parallel between the reducing values of the urines and 
their tuberculostatic activity is not unexpected. Various amounts of reducing 
substances other than ascorbic acid may have been present in the urines even 
after deproteinization (22). Moreover, as shown later, the substance in urine 
which is capable of rendering culture media tuberculostatic appears to be a 
nonreducing derivative of ascorbic acid. Because of the last-named observation, 
there is no reason to expect that the urine should show an exact correlation be- 
tween reducing power and tuberculostatic activity since the conversion of as- 
corbic acid to the inhibitory compound may take place to different degrees and 
at different rates in different urines. A correlation between the total original 
ascorbic acid and tuberculostatic activity would be a more reasonable expecta- 
tion. 

An experiment was next conducted to test the assumption that the increase 
in the tuberculoinhibitory property of urine following the ingestion of ascorbic 
acid was dependent on the acid and to ascertain by direct test whether ascorbic 
acid, when added to urine, will auto-oxidize in vitro. 


A sample of night urine of 350 ml. from a healthy subject was collected and 
filtered through a Seitz filter. Two aliquots of 45 ml. were then removed from the 
filtered sample. Five milliliters of a freshly prepared solution of ascorbic acid were 
added to one of the aliquots to give a final concentration of 500 y per ml. The samples 
were incubated at 37°C., and tests of reducing and tuberculostatic activity were 
conducted at various intervals. The initial reducing activity was entirely absent 
after twenty-four hours. Tests of tuberculostatic activity for BCG showed the control 
urine to be negative in a concentration of 50 per cent at both the initial and twenty- 
four-hour intervals, whereas the urine with added ascorbic acid was tuberculostatic 
in a concentration of 10 per cent at the same intervals. 


The results clearly showed that the addition of ascorbic acid to sterile urine 


renders it strongly tuberculoinhibitory and, moreover, that the tuberculostatic 
effect is unchanged even after the urine has lost its reducing ability. Although 
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TABLE 1 


ANTIBACTERIAL Spectrum or Fresa Ascorspic Acip 


ASCORBIC ACID IN y PER ML. 
INCUBATION IN 


ORGANISM 
DAYS 


o | # 


4+ | 4+ | 4+ 

4+ 44+ 44/1; 3+ | 3+ 
4+ | 3+ | 3+ 
4+ | 4+ 1+ 
4+ | 4+ | 4+ | 4+ | 44+ | 44 | 2+ 
4+ | 4+ | 44+ | 3+ | 24+ | 2+ | 2+ 


tuberculosis BCG 
phlei 

. tuberculosia avium 

. tuberculosis H37Rv 
tuberculosis H37Ra 
amegmatis 
tuberculosis Ravenel 


te 


Micrococcus aureus, Proteus vulgaris, Corynebacterium diphtheriae, and Pseudomonas 
species all showed growth equal to that of the control after twenty-four hours of incubation 
at 37°C 

Growth measured by visual comparison with control 

Range: 4+ = maximum growth 

1+ scanty growth 
- = no growth 


these results alone do not establish that ascorbic acid itself is not tuberculo- 
inhibitory, a subsequent study of the fate of ascorbic acid in the Proskauer and 
Beck test medium indicated that it undergoes extensive oxidation during periods 
shorter than the lag phase of growth for tubercle bacilli. 


Tuberculostatic Activity of Ascorbic Acid 


In order to extend the observations of others (6, 7) that the addition of as- 
corbic acid to culture medium renders it tuberculostatic, antibacterial tests were 
conducted. 


Several species of bacteria were studied in Proskauer and Beck medium plus 10 
per cent bovine serum to which various quantities of ascorbic acid were added, 
ranging from 10 to 200 y per ml. The tubes were inoculated with 0.1 ml. of the 
suspension of each of the respective organisms containing 0.25 mg. wet weight of 
the bacteria per ml. The antibacterial spectrum obtained is presented in table 1. 


The results show that the addition of ascorbic acid in concentrations of 20 to 
40 y per ml. rendered the medium tuberculostatic for M. tuberculosis avium and 
the BCG, H37Ra, and H37Rv strains of M. tuberculosis. Of the various genera 
tested, only organisms of the genus Mycobacterium were inhibited. It is notable, 
moreover, that the most marked activity of the tuberculoinhibitory substance 
was narrowly restricted to the pathogenic mycobacteria which included strains 
of both the avian and mammalian groups. A similar antibacterial spectrum has 
been reported by Bjornesjo (5) for the urinary principle he has isolated. 


Fate of Ascorbic Acid in the Medium of Proskauer and Beck 


Since the incubation interval necessary to obtain visible growth of tubercle 
bacilli under the cultural conditions used was at least five days, it was considered 


410 
100 
0 10 

M 

M | 

M 

M 

M 

M 

M 

| 


ASCORBIC ACID AND MYCOBACTERIAL INHIBITION BY URINE til 


important to study the fate of ascorbic acid in the medium in this long lag phase 
during which active derivatives might develop and exert their antibacterial 
action. Accordingly, an experiment was conducted in which the decrease in re- 
ducing activity was followed as an indication of the amount of ascorbic acid 
oxidized in Proskauer and Beck medium 


Ascorbic acid was added to Proskauer and Beck medium (without serum) at pH 
7.0 to give a concentration of 100 y per ml. Unfortunately, it was not feasible to 
employ the hydrazone test to measure the degree of oxidation of ascorbic acid in this 
medium since a copious nonspecific precipitate resulted from the action of the sulfuric 
acid present in this test reagent. However, the oxidation of ascorbic acid beyond the 
diketogulonic acid stage was followed quantitatively in a control solution of physio- 
logic saline containing 100 y per ml. of ascorbic acid in M/60 phosphate buffer pH 
7.0 by employing the hydrazone procedure of Roe and Kuether (24). The mixtures 
were incubated at 37°C. and samples removed at intervals for determinations of 
reducing activity and capacity to form hydrazones. 


The results on reducing activity, presented in figure 1, indicate that ascorbic 
acid undergoes rapid oxidation in Proskauer and Beck medium at pH 7.0. Similar 
results were obtained with ascorbic acid in M/60 phosphate buffer-saline at 
pH 7.0. 

It is generally considered that diketogulonic acid is the principal material 
which reacts with 2,4-dinitrophenylhydrazine (12) since solutions of ascorbic 
acid, diketogulonic acid, and dehydroascorbic acid treated with 2,4-dinitro- 
phenylhydrazine all yield hydrazones with identical melting points. This result 
can best be explained by assuming that ascorbic acid and dehydroascorbic acid 
are converted to diketogulonic acid during the reaction with the reagent. 

The results of the hydrazone determinations in phosphate buffer are presented 


HOURS 


Fic. 1. The decline in reducing activity in a solution of 0.01 per cent ascorbic acid in 
Proskauer and Beck medium and in physiologic saline containing M/60 phosphate buffer 
at pH 7.0. 
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in figure 2. It is notable that, whereas after seventy-two hours the hydrazone- 
forming capacity of the solution had almost completely disappeared, its tuber- 
culostatie activity for BCG was unimpaired. Full tuberculostatic activity was 
likewise noted after further oxidation when the material had lost all of its hydra- 


zone-forming capacity 

These results clearly show that the tuberculoinhibitory derivative of ascorbic 
acid does not react with 2 ,4-dinitrophenylhydrazine. Moreover, it was noted in 
a subsequent experiment that, whereas a methyl alcohol precipitate obtained 
from an auto-oxidized solution of ascorbic acid was lacking in both reducing 
activity and hydrazone-forming capacity, it was fully tuberculoinhibitory. Still 
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Fic. 2. The decline in hydrazone-forming capacity of a solution of 0.01 per cent ascorbic 
acid undergoing auto-oxidation at 37°C. in physiologic saline containing M/60 phosphate 
buffer at pH 7.0. 


another relevant observation was that the tuberculostatic activity of Proskauer 
and Beck medium with added ascorbic acid was not diminished by preliminary 
oxidation at 37°C. for three days before inoculation with BCG. 

The question arose whether the active principle which operates following the 
sdldition of fresh ascorbic acid to Proskauer and Beck medium is the same as 
that which operates when auto-oxidized ascorbic acid is added. Accordingly, an 
experiment was performed in which a comparative antibacterial spectrum analy- 
sis was made on fresh and auto-oxidized ascorbic acid. 


The unoxidized solution used was freshly prepared by adding ascorbic acid to 
M/60 phosphate buffer at pH 6.8 to give a concentration of 50 mg. per ml. and 
filtering through a Seitz filter. The auto-oxidized material was prepared by allowing 
a similar solution to auto-oxidize at room temperature for several weeks until its 
hydrazone-forming capacity was lost. It was refiltered through a Seitz filter. The 
medium of Proskauer and Beck, pH 7.0, containing 10 per cent bovine serum, was 
used for the antibacterial tests. 
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TABLE 2 
COMPARATIVE ANTIBACTERIAL SPECTRUMS OF FRESH AND 
AUTO-OXIDIZED AscoRBIC ACID 


Incu- | CONCENTRATION OF REAGENT IN 7 PER ML. 


ORGANISM BATION REAGENT 
| 


[= oa | 0 10 | 20 | 40 | 60 #0 | 100 | 200 


| | 
smegmatis | 4+ 
. smegmatis AA-AsA /4+/4+/4+ 44+l4 + 3+ 


phlei AsA 
phlei | AA-AsA |4-+/4+/4+ 4+14+ 4+ 
. tuberculosis avium AsA 
. tuberculosis avium | AA-AsA /4+ +/4+/4+/3+|: 
tuberculosis BCG | i AsA 
. tuberculosis BCG AA-AsA /4+/4+/4+/4+/34 


tuberculosis H37Ra 3 | AsA 


tuberculosis H37Ra AA-AsA 
. tuberculosis H37Rv : AsA 
. tuberculosis H37Rv | AA-AsA  4+/3+/2+/1+| +] 
. tuberculosis Ravenel : AsA \4 +13+-|2+4 2 + 
. tuberculosis Ravenel AA-AsA 
Micrococcus aureus, Proteus vulgaris, Corynebacterium diphtheriae, and Pseudomonas 
species all showed growth equal to that of the control after twenty-four hours of incubation 
at 37°C. 
AA-AsA = auto-oxidized ascorbic acid 
Growth measured by visual comparison with control 
Range: 4+ = maximum growth 
1+ = scanty growth 
— = no growth 


The results presented in table 2 show that the antibacterial spectrums of fresh 
and auto-oxidized ascorbic acid in Proskauer and Beck medium are strikingly 
similar and indicate that the antibacterial principle concerned is the same for 
both materials. Thus, it seems likely that the active principle which operates 
following the addition of fresh ascorbic acid to Proskauer and Beck medium 
forms as the result of auto-oxidation. Moreover, the results also support the 
previous observation that the auto-oxidized material was fully as active as the 
fresh ascorbic acid. The somewhat lower values obtained with the auto-oxidized 
material in some instances in the present experiment may have resulted from 
some absorption of the active principle during a refiltration of the auto-oxidized 
solution which was carried out just before its use. 

A comparison of the results in tables 1 and 2 shows that greater inhibition was 
obtained with fresh ascorbic acid in the first experiment shown in table 1 than 
in the second experiment shown in table 2. This may have resulted from un- 
avoidable variations in the size of the inoculum of living organisms used, since 
in a subsequent experiment with BCG the use of approximately a tenfold inocu- 
lum greatly reduced the degree of inhibition; an effect which is commonly ob- 
served with many antimicrobials. 
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Tests on the Tuberculoinhibitory Activity of Ascorbic Acid Derivatives 


As dehydroascorbic acid is known to mutarotate rapidly to diketogulonic acid 
at pH 7.0 (10, 11, 12), it appeared futile to attempt to isolate and determine the 
possible tuberculostatic properties of this substance. 

Diketogulonic acid was isolated in the form of its calcium salt by the method 
of Penney and Zilva (12). In common with their observation it was noted that 
the salt, which is white on isolation, slowly turns a bright yellow color. Concen- 
trations of the salt ranging from 10 to 200 y per ml. were tested against BCG 
for tuberculostatic activity, using Proskauer and Beck medium plus 10 per cent 
bovine serum and M/150 borate buffer to stabilize the diketogulonic acid against 
oxidation. No tuberculostatic activity was noted in these preparations or in two 
control preparations without borate buffer. If, as has been reported, diketogulonic 
acid without stabilizer converts quantitatively to oxalic and L-threonic acids 
above pH 6.1 (12), the two latter derivatives would appear to be excluded as the 
tuberculoinhibitory substance present in medium to which ascorbic acid is added. 
‘Tests were next conducted with oxalic acid. 

The maximum concentration of oxalic acid theoretically attainable from the 
minimum tuberculostatic concentration of ascorbic acid (20 y per ml.) is ap- 
proximately 10 7 per ml. An experiment was conducted in which concentrations 
of oxalic acid ranging from 10 to 200 y per ml. were added to Proskauer and Beck 
medium plus 10 per cent bovine serum and inoculated with BCG in the usual 
manner. Tuberculostatic activity was entirely lacking for all of the concentra- 
tions employed. Thus, it appears that oxalic acid is not the tuberculostatic agent 
operating in media to which ascorbic acid is added. 

Tests were not conducted with L-threonic acid. 

The possible tuberculostatic activity of furfurol was next tested in Proskauer 
and Beck medium plus 10 per cent bovine serum, using concentrations which 
ranged from 10 to 200 y per ml. The results of this experiment likewise failed to 
show any tuberculostasis 

Hydrogen peroxide has been reported to be formed in the course of oxidation 
of ascorbic acid (25, 26) and is regarded by Lwoff and Morel (26) to be the anti- 
bacterial agent which forms in ascorbic acid solutions. 

In order to test this possibility, several experiments were conducted in which 
10 to 100 y per ml. of ascorbic acid were incorporated in Proskauer and Beck 
medium plus 10 per cent bovine serum and catalase supplied by the addition 
of 0.05 to 0.1 per cent of hemolyzed rabbit erythrocytes. The catalase activity 
of the medium was confirmed at the beginning and end of the incubation period 
by the addition of a few drops of 3 per cent hydrogen peroxide to the control 
tubes. The results showed that the inhibition of BCG was as marked in the cata- 
lase-containing series as in the control series. Thus, it appears that hydrogen 
peroxide is not the active tuberculoinhibitory derivative of ascorbic acid which 
is being sought. 

The foregoing results give no indication that either ascorbic acid or any of the 
known derivatives occurring in the classical breakdown of ascorbic acid are tuber- 
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culostatic, and completely fail to account for the tuberculostatic property im- 
parted to culture media by the addition of ascorbic acid. 

Another possibility considered was that the antibacterial principle might be a 
contaminating substance in the preparation of ascorbic acid used. Accordingly, 
a recrystallization of the ascorbic acid was carried out by dissolving 10 gm. in 
20 ml. of distilled water with the aid of heat. The warm solution was filtered and 
cooled in an ice bath. Approximately 1 gm. of ascorbic acid crystallized out; this 
was collected, washed, and employed for assay purposes against BCG. Even 
though 90 per cent of the ascorbic acid was discarded in the process of recrystal- 
lization, the tuberculostatic activity was unchanged. 

Sorbitol, the material commonly used for the commercial preparation of as- 
corbic acid, showed no antibacterial activity against BCG when added to 
Proskauer and Beck medium in concentrations of 10 to 400 y per ml. 


Chemical Properties of the Active Principle 


An experiment was conducted in which a 5 per cent solution of ascorbic acid 
in M/60 phosphate buffer at pH 7.2 was allowed to auto-oxidize for a period of 
eight weeks at room temperature. Although the resulting dark amber solution 
was found to be completely devoid of its original reducing activity, full tuberculo- 
static activity remained. As a test of the heat stability of the principle, samples 
of the solution were adjusted to pH values of 1.4, 7.0, and 12.4 with 1 N hydro- 
chloric acid and 1 N sodium hydroxide. The solutions were autoclaved for thirty 
minutes at 120°C, adjusted to pH 7.0, and appropriate dilutions were made in 
M/60 phosphate buffer at pH 7.0 for tests of tuberculostatic activity. The results 
showed the heated samples to be fully as tuberculostatic as the unheated controls 
and establish that the active principle has remarkable heat stability. 

An aliquot of the solution was treated with 10 volumes of absolute methyl 
alcohol, and the resulting precipitate was washed several times in methyl! alcohol 
and several times in ether. The precipitate was dried and dissolved in distilled 
water. Although this solution was completely lacking in reducing activity and 
the capacity to form a hydrazone, it was found to contain 90 per cent or more 
of the tuberculostatic activity present in the original aliquot of the auto-oxidized 
solution. When the clear supernatant solution remaining after the methyl alcohol 
precipitation was evaporated in a stream of nitrogen gas and the resulting residue 
reconstituted with buffer and titrated against BCG, less than | per cent of the 
tuberculostatic activity of the original aliquot of the auto-oxidized solution was 
found. 

The methy! alcohol precipitate was found to be insoluble in acetone, ether, 
petroleum ether, benzene, carbon tetrachloride, and chloroform. It was sparingly 
soluble in 95 per cent ethanol and completely soluble in 80 per cent ethanol. 

Attempts to characterize the substance by ultraviolet light spectrum analysis 
did not reveal any absorption peaks which could be identified. 

The properties of the substance do not identify it with ascorbic acid or any of 
the known derivatives of ascorbic acid. The similarity of its solubility and anti- 
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bacterial properties to those of the urinary substance of Bjornesjo (3—5) suggests 
that the two substances may be identical. 

An experiment was next conducted on a solution of ascorbic acid oxidized to 
dehydroascorbic acid with an equivalent amount of iodine. Prior to precipitation 
with the various reagents below, the solution was adjusted to pH 7.2 and allowed 
to undergo further oxidation at room temperature for seven days until it turned 
a dark amber color. As the respective precipitates obtained by the addition of 
absolute ethanol, 95 per cent ethanol, absolute methanol, and acetone were all 
found to lack tubercuiostatic activity, it seems probable that the active deriva- 
tive which results from auto-oxidation is formed directly from ascorbic acid by 
some pathway other than that of dehydroascorbic acid and diketogulonic acid. 


SUMMARY 


Studies on ascorbic acid and its various derivatives indicate that the tuberculo- 
stasis which is effected by the addition of ascorbic acid and auto-oxidized ascorbic 
acid to culture medium is due to an auto-oxidation product of ascorbic acid of 
unknown chemical composition. 

A methy|] alcohol precipitate has been prepared from auto-oxidized solutions 
of ascorbic acid which is tuberculostatic. The active principle in the precipitate 
is a heat-stable, nonreducing, nonhydrazone-forming substance which is soluble 
in water and in 80 per cent ethanol. It is insoluble in acetone, ether, petroleum 
ether, benzene, carbon tetrachloride, and chloroform. As the substance is formed 
when ascorbic acid is allowed to undergo auto-oxidation but not when oxidized 
with iodine, it is suggested that the substance may be formed by some pathway 
other than by way of dehydroascorbic acid and diketogulonic acid. 

It was observed that, when ascorbic acid was added to the sterile filtered urines 
of healthy human subjects, it underwent rapid oxidation as indicated by the loss 
of reducing activity. Both these urines and the urines of human subjects taken 
after the ingestion of large quantities of ascorbic acid possessed greatly enhanced 
tuberculostatic activity. 

The antibacterial and chemical properties of the active principle in auto- 
oxidized solutions of ascorbic acid are similar to those of the tuberculostatic 
principle of urine described by Bjornesjo. 


SUMARIO 


Estudios de las Propiedades Tuberculoinhibidoras de los Derivados del Acido Ascérbico y de 
su Posible Papel en la Inhibicién de los Bacilos Tuberculosos por la Orina 


Estudios del Acido ascérbico y de sus varios derivados indican que la tuberculostasis 
que tiene lugar al agregar a los medios Acido ascérbico y Acido ascérbico autooxidado se 
debe a un producto de la autooxidacién del dcido ascérbico, cuya composicién quimica es 
desconocida 

De las soluciones autooxidadas del Acido ascérbico se ha preparado un precipitado en 
alcohol metflico, que es tuberculostdtico. El principio activo del precipitado es una subs- 
tancia no hidrazonégena, no reductora, termoestable, que es soluble en agua y en etanol al 
80 por ciento, siendo insoluble en acetona, éter, éter de petréleo, benceno, tetracloruro de 
carbono y cloroformo. Como la substancia se forma cuando se deja que el dcido ascérbico 
experimente autooxidacién, pero no cuando se oxida con yodo, parece que la substancia se 
forma por alguna via distinta de la del Acido dehidroascérbico y del dcido diquetogulénico 
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Observése que, cuando se afiad{a 4cido ascérbico a las orinas filtradas estériles de sujetos 
humanos sanos, experimentaba r4pidamente oxidacién, segdn indicaba la pérdida de activi- 
dad reductora. Tanto dichas orinas como las obtenidas de sujetos humanos consecutiva- 
mente a la ingestién de grandes cantidades de Acido ascérbico mostraban una actividad 
tuberculostdtica muy realzada. 

Las propiedades antibacterianas y quimicas del principio activo contenido en las solu 
ciones autooxidadas del Acido ascérbico son similares a las del principio tuberculostatico de 
la orina desecrito por Bjornesjo 


RESUME 


Etude des propriétés tuberculostatiques de dérivés de l’acide ascorbique et leur réle possible 
dans l’inhibition du bacille tuberculeux par l’urine 


Les études sur |’acide ascorbique et ses divers dérivés indiquent que |’action tuberculo 
statique, effectuée par |’addition au milieu d’acide ascorbique et d’acide ascorbique auto 
oxydé, est due A un produit d’auto-oxydation de l|’acide ascorbique dont |’origine chimique 
est inconnue. 

Un précipité méthyl-alcool préparé & partir d’une solution d’acide ascorbique auto-oxydé 
a une action tuberculostatique. Le principe actif du précipité est une substance stable, 
non réductrice et ne formant pas d’hydrazone; cette substance est soluble dans |’eau et dans 
l’éthanol a 80%, insoluble dans |’acétone, |’éther, |’éther de pétrole, le benzéne, le tétrachlo 
rure de carbone et le chloroforme. Comme cette substance est formée lorsqu’on laisse 
l’auto-oxydation de l’acide ascorbique se produire, mais fait défaut lorsque |’oxydation est 
produite par l’iode, les auteurs supposent que cette substance pourrait étre formée par 
une autre voie que celle de l’acide déhydroascorbique et de l’acide dicétogulonique 

Il a été observé que si on ajoute l’acide ascorbique a l’urine stérile filtrée d’un sujet bien 


portant il s’oxyde rapidement, comme le montre la perte de son activité réductrice. Ces 


urines, comme celles provenant d’individus bien portants prélevées aprés ingestion d’une 
grande quantité d’acide ascorbique, possédent un pouvoir tuberculostatique considérable 
ment augmenté. 

Les propriétés antibactériennes et chimiques du principe actif renfermé dans les solu- 
tions d’acide ascorbique auto-oxydé sont semblables a celles du principe tuberculostatique 
décrit par Bjornesjo 
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INTRODUCTION 


The present study deals with the experimental tuberculosis in mice which is 
used for drug screening and evaluation tests in these laboratories. In developing 
the screening method, a particular type of bacterial suspension was selected be- 
cause its intravenous injection yielded highly reproducible survival times in 
untreated mice (1). Although these screening tests were based on survival time 
only, various considerations made it advisable to study the morphology of 
mouse tuberculosis as produced in these laboratories. 

The morphologic studies of the mice revealed the surprising fact that pul- 
monary emboli, consisting of clumps of tubercle bacilli, were produced by the 
intravenous injections. Morphologic examination of the suspensions used for 
injection showed that they contained bacterial clumps larger than the diameter 
of pulmonary capillaries and arterioles. The size of bacterial clumps and their 
number in the standard dose were not large enough, however, to cause any 
visible disturbance of the circulation in the lung. Because of these favorable 
circumstances, the “embolic pulmonary tuberculosis” produced offered a new 
opportunity for studying the establishment and progress of an experimental 
tuberculous infection of the lungs. Such opportunity was welcome, since the 
early phases of pulmonary tuberculosis had never been demonstrated by those 
investigators who injected well-dispersed suspensions intravenously or employed 
the respiratory route of infection. 

The fate of the emboli which serve as pulmonary inocula and the subsequent 
development of the tuberculous lesions will be described in the present paper. 
The relation between survival times and the morphologic processes in the lungs 
will be discussed. The emphasis will be on the pulmonary processes, since the 
other organs showed a relatively slight tuberculous involvement. 


MATERIAL AND METHODS 


Bacterial cultures and suspensions used for injections*: According to the routine method 
of the Bacteriology Laboratory, two strains of M. tuberculosis were cultivated on the sur 
face of Kirchner’s medium, namely, D4M3 (bovine type) and H37Rv (human type).* The 
growth on Kirchner’s medium, the preparation of suspensions of D4, and the definition of 
doses by turbidity units were described in 1949 by Baker, Schlosser, and White (1). There 
fore, only certain modifications whicn have developed since will be mentioned here. Until 


' From the Chemotherapy Division, Stamford Research Laboratories, American Cyana 
mid Company, Stamford, Connecticut. 

* Details of the bacteriologic techniques can be obtained on request from Dr. H. J. White 
of the Bacteriology Laboratory of this Division. 

* Subsequentiy the abbreviations D4 and H37 will be used to designate the two strains 
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June 12, 1951, pellicles from three-week-old cultures had been used throughout (first 4 
experiments of table 1), while, subsequently, pellicles from two-week-old cultures were 
used (last 4 experiments of table 1). The pellicles were blended in a Waring Blendor at all 
times; additional grinding in a Ten Broeck homogenizer was abandoned after July 5, 1951. 
Finally, the strain H37, which previously had been found unsatisfactory for routine tests 
at Stamford, proved to give reproducible results after some modifications in preparing the 
suspensions 

The material obtained from the pellicles by blending was diluted with Kirchner’s medium 
to the turbidity desired. The standard suspension, which kills 50 per cent of the mice in 
fourteen days, has a turbidity of 80 for the strain D4 and a turbidity of 160 for the strain 
H37. The suspension of D4 was aspired immediately after stirring and diluted to turbidity 
80. The suspension of H37 was allowed to settle for two minutes after stirring; then, only 
the supernatant part was aspired and diluted to turbidity 160. 

The volume injected into a tail vein of each mouse was always 0.2 ml. Therefore, the 
standard dose was defined as 0.2 ml. of the standard suspension; it was equivalent to ap- 
proximately 0.1 mg., dry weight, or 0.5 mg., wet weight, of bacilli. Experiments with five 
different doses required highly concentrated suspensions from which the lower concentra- 
tions were obtained by dilution. When 1x represents the standard dose of strain D4 with the 
turbidity 80, the dose 32x had a turbidity of approximately 2,600, the dose 16x of approxi- 
mately 1,280, and the doses 4x, x/4, and x/16 had turbidities of 320, 20, and 5, respectively. 
No difficulty was encountered in injecting even the most concentrated suspensions into a 
tail vein. 

It is not easy to study two-week-old pellicles in total mounts because of their density 
and brittleness; therefore, samples of them were embedded in paraffin, sectioned, and 
stained. Delicate pellicles were produced by repeated transfers at short intervals, e.g., 
every three or four days; pieces of such young cultures could be affixed to a slide and stained 
for acid-fast and nonacid-fast bacilli (figure 3). There was no difficulty in making total 
mounts from the suspensions which were obtained by blending two- or three-week-old pelli- 
cles. For morphologic study, drops of a suspension were placed on a slide and spread by 
gravity or gentle stirring; after drying, the preparations were stained with carbolfuchsin, 
differentiated with acid-alcohol, and counterstained with methylene blue (figure 4). 

Mice: Vanderwerken mice were used for the first 7 experiments listed in table 1, while 
Carworth Farm mice (CF;) were used in the last experiment. The mice were six or seven 
weeks of age, weighing 18 to 22 gm. at the beginning of the experiments. After arrival at the 
laboratory all mice were quarantined for a week and used for experiments only when they 
appeared to be in good health. Routinely, 10 mice were kept in one cage. 

Injections, sacrifices, and morphologic procedures: The suspensions of tubercle bacilli 
were injected into the tail veins of mice in the routine way. For morphologic studies, mice 
were sacrificed with illuminating gas five minutes to fourteen days after injection. Mice 
which were found dead were excluded from morphologic study. Mice which died in the pres- 
ence of the pathologist, either from rapidly killing high doses or because they had reached 
the fatal stage of the standard infection, were suitable for use. The autopsies included the 
thoracic and abdominal cavities in all series and the cranial cavity in one series. 

The lungs of all mice were preserved for morphologic study. For optimal fixation the 
pulmonary lobes were placed separately into the fixative, but for special purposes the chest 
organs were fixed as a whole. When the lobes had been separated, every left lobe, being the 
largest, was examined histologically on longitudinal sections, while the number of right 
lobes examined varied 

In addition, the following organs were studied in a limited number of mice: spleen, liver, 
kidneys, adrenals, heart, brain, and femoral marrow; the femur was cracked gently in 
several places to allow fixation of the marrow. After paraffin embedding, sections of 6. 
or 3u thickness were made. Serial sections were studied whenever necessary. 

From every block of tissue several sections were stained with carbolfuchsin, differen 
tiated with acid-alcohol, and counterstained with hematoxylin. In the illustration text this 
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procedure will be referred to as ‘‘double stain.”’ In many cases the following combination 
was used for lung sections: carbolfuchsin, incomplete differentiation with acid-alcohol, 
Weigert’s blue elastica stain (resorcin fuchsia), differentiation with 95 per cent alcohol, 
hematoxylin. This combination will be briefly termed ‘‘triple stain.”’ 

The extensive photomicrographic work was done in cooperation with E. J. Thomas of 
the Microscopy Laboratory, Analytical and Testing Division of these laboratories. The 
present paper contains a limited selection of photomicrographs; on request, additional pic 
tures from the file can be obtained for documentation of special points 


SURVIVAL TIMES 


In mice which lived for more than twenty-four hours after injection, the 
survival time was recorded by the routine “census.’”’ However, survival times 
could not be evaluated statistically in the groups of mice which served for mor 
phologic study, since some of the mice were sacrificed and others died of the 
infection. Therefore, each morphologic study was accompanied by one or two 
groups of mice (10 in each group) which were injected with the same suspension 
and served as “survival controls” without any interference by sacrifices. 

In the 1949 paper of Baker, Schlosser, and White (1), charts had been shown 
(a) of the median survival times of 97 consecutive groups of 10 mice each which 
had been infected with the standard dose of D4, and (b) of the distribution of the 
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pool of all of these mice by survival time; these charts covered experiments from 
June, 1948, to June, 1949. The graph shown in figure 1 of the present paper 
covers two additional years of injections, i.e., the total period from June, 1948, 
to June, 1951, and a total of 4,094 mice. The mice of the first 4 experiments of 
the present paper, listed in table 1, are included in those of the graph (figure 1). 

In the paper by Baker, Schlosser, and White (1), the survival times of groups 
of 10 mice were calculated by plotting the cumulative percentage mortality 
against time in days after infection, on logarithmic probability paper, and by 
determining the death of 50 per cent of the mice by means of the rapid graphic 
method of Litchfield (2). In the present study, the same procedures have been 
used for calculating the times (in days) when 16 per cent, 50 per cent, and 84 
per cent of the mice were dead. The days obtained in this way are referred to as 
“calculated values” of survival times in tables | and 3. In addition, the actual 
ranges of survival time are given in these tables. 


IcXPERIMENTAL 


A total of 400 mice were injected with suspensions of tubercle bacilli in the experiments 
presently reported. For morphologic studies, 80 mice were injected with the standard dose 
of strain D4 and 20 mice with the standard dose of strain H37. Since mice found dead could 
not be used, 55 mice injected with D4 and 16 mice injected with H37 remained available for 
investigation; these 71 mice are listed individually in table 2. For survival tests in parallel 
to the morpholog'c studies, 110 mice were injected with the standard dose of strain D4 and 
20 mice with the standard dose of strain H37; these 130 mice are listed by groups in table 1 
The D4 experiments covered the period from February 2, 1950, to February 11, 1952, while 
the H37 experiment was made on September 8, 1952. A comparison of tables 1 and 2 shows 
that there were 8 separate survival tests, but only 7 morphologic studies with corresponding 
series numbers; this is explained by the fact that the survival test of September 12, 1951, 
(Series 13 L Contr.) was preliminary to the morphologic study and survival test of October 
18, 1951 

In addition to the standard dose (1x), different doses of strain D4 were injected for sur 
vival tests in 3 of the 7 experiments mentioned above. For this purpose, 170 additional 
mice were used (listed by groups in table 3). Two of the experiments were made with the 
doses 16x, 4x, Ix, x/4, and x/16, while in the third experiment the doses 32x and 1x were 
given. Seven mice which were part of these survival tests were also used for morphologic 
study; they died in the presence of the pathologist after injection of 16x or 32x 

Histologic studies of the lungs were made in the 71 mice which received the standard 
dose (table 2) and in the selected 7 mice injected with the doses 16x or 32x. Organs other 
than the lungs were examined in a limited number of mice at various intervals after injec 
tion of the standard dose of strain D4. In addition, the hearts were examined in the 7 se 


lected mice which received the doses 16x or 32x 


OBSERVATIONS 
EXPERIMENTS WITH THE STANDARD DOSE 
Survival 
The results of the 8 survival tests with the standard dose are seen in table 1. 
The 7 experiments with strain D4 were spaced over two years; they showed the 


uniformity of survival times which, for many years, has been a characteristic 
of these tests in the Bacteriology Laboratory. The eighth survival test (Series 
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TABLE 1 
SurvivaL Time or Mice Inrecrep witn Sranparp Dose or Strain D4 orn H37 
(IN PARALLEL witH Mice INFecTep AND SacrkiFicep ror Morpno .oaic Strupr) 


SURVIVAL TIME IN DAYS 


STRAIN NUMBER Calculated Valuest 
DATE OF INFECTION or SERIES NUMBER or | 
BACILLI mice*® | Actual 
Range 16 Per 50 Per 4 Per 
Cent Cent Cent 
Dead Dead Dead 


February 2, 1950 D4 3 L Contr ; ll K 15 
December 21, 1950 D4 5 L Contr 12 
January 11, 1951 D4 8 L Contr. : 15 
February 22, 1951 D4 10 L Contr. 20 14 
September 12, 1951 D4 13 L Contr.t 20 | 15 
October 18, 1951. D4 11 L Contr. 10 : 17 
February 11, 1952 D4 16 L Contr.t 10 : 15 
September 8, 1952 H37 20 L Contr. 20 s : 16 


* At termination of experiments, all mice had died. 
t Calculated according to Litchfield’s method (2) 
t Identical with those in table 3 which received the dose Ix. 


20 L Contr.), made with the standard dose of strain H37, produced survival 
times similar to those of the D4 experiments. 


Morphology 


Morphology of Suspensions 


Stained preparations of drops of suspensions contained closely packed clumps 
of bacilli of various sizes, aggregates of few bacilli, and single bacilli. Figure 4 
shows an assortment of clumps and also illustrates the fact that a clump may 
break up into smaller fragments and that small aggregates may be pushed to- 
gether to form a bigger unit. The 2 largest clumps in the picture measure approxi- 
mately 25 x 25 uw and 45 x 20 uw, respectively, but clumps of 50 x 30 uw in diameter 
are not rare in the suspensions of either strain. Stained sections of two-week-old 
pellicles (before blending) showed a parallel arrangement of bacilli similar to 
that in total mounts of young pellicles (figure 3). 

Although no sections of clumps from blended suspensions were made, there is 
no doubt that the clumps in the suspensions are fragments of the cords which 
compose the pellicles. Occasionally, snakelike fragments of a thin cord may be 
found in the blended suspensions. 


Morphology of Lungs 

Sequence of events: The phenomena observed in the lungs are presented in 
diagrams a through g of figure 2, with descriptions in the figure text. Each 
diagrammatic picture is documented by one or more photomicrographs (figures 
5 through 20). Only a few points need explanation. 


The small pulmonary arteries (arterioles) consist of muscularis, elastica, and 
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Fie. 2. Diagrams of stages of embolic pulmonary tuberculosis. (a) Small pulmonary 
artery with typical sudden change from thick wall (shaded) to thin wall; bacterial clump 
(black) arrested in thin-walled part. (6) Intravascular cellular reaction around bacterial 
embolus. Fifteen minutes after injection or later. (c) Bacterial clump plus reacting cells 
breaking through elastica of vessel. One hour after injection or later. (d) Reactive nodule, 
with bacterial clump in its center, located in the alveolar tissue. Usually, twenty-four 
hours after injection. (¢) Bacterial clump dispersed by mononuclear phagocytes (which 
are drawn unproportionally large to show bacilli). Start at twenty-four hours or later, 
fully developed usually after four days. (f) Tuberculous pneumwnia; alveolar pattern still 
preserved. Fully developed after ten days or later. (g) Massive necrosis; alveolar pattern 
destroyed (except on lower margin of picture); debris of cells and elastica, teeming with 
bacilli. Fully developed after twelve days or later.—Note: topographically, stages (f) and 
(g) are no longer related to embolized vessels, but may develop anywhere in the lungs 
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endothelium In mice as well as in other species, these vessels are peculiar in that 
the thickness and composition of their walls may change in an abrupt way. In 
such places the muscular layer does not decrease gradually but disappears almost 
suddenly so that the new segment has a much thinner wall consisting of elastica 
and endothelium only.‘ Decrease in wall thickness is not necessarily connected 
with a decrease in bore (figure 8). If a bacterial embolus is arrested in the thick 
muscular part of a vessel, the cellular reaction will remain intravascular for a 
long time. If, on the other hand, the embolus lodges in a thin-walled part, the 
intravascular reaction may lead to a perforation of the elastica as early as one 
hour after injection of the suspension. Very small emboli in narrow capillaries 
seem not to break through that early, probably because of the small number of 
cells they attract 

The diagrams a through e of figure 2 illustrate the fate of a large embolus 
which had been arrested in a thin-walled segment of an arteriole. Evidently, the 
ruptured wall of a vessel is well plugged by the embolus and the surrounding 
cells since remnants of hemorrhage are rare and small (figure 10 

Usually, twenty-four hours after injection the reactive nodules are fairly dis 
crete, irrespective of their production by large clumps or by tiny aggregates of 
bacilli (figures 17 and 19). Subsequently, the nodules not only increase in size 
but fuse together (not shown in the diagrams of figure 2); their distinctness 
decreases more and more when the bacillary clumps are dispersed by monucleat 


phagocytes (figures 2 ¢ and 11 


Approximately four days after injection, phagocytes laden with bacilli may 


be found all over the lung, and the subsequent stages (diagrams f and g of figure 
2) are topographically no longer related to embolized vessels and bacillary 
clumps. Tuberculous pneumonia, with or without massive necrosis but always 
teeming with bacilli, is the final and fatal stage, in which 50 per cent or more of 
the pulmonary tissue is consolidated. The macroscopic appearance of the lungs 
in the final stages is seen in figure 14. The volume of largely consolidated tu 
berculous lungs is similar to that of expanded normal lungs (figures 13 and 14 
The diagrams of figure 2 are arranged as a sequence of several phases. The 
actual observations from which the sequence of events has been reconstructed 
are listed in table 2, which contains the findings in the lungs of each of 71 mice 


with the intervals after injection indicated 


The entries in the columns of the table are: present (+), doubtful 
wr not examined (blank). The heading “Large Clumps of Tubercle Bacilli” covers both 
emboli in vessels and former emboli in reactive nodules; the presence of any clumps 
equaling or exceeding 20 x 10 uw in diameter is indicated by ' while + is used if 
only smaller clumps were 1) ved. In the column tupture of Vascular Elastica 
the absence of an entry may mean two different things: either no ruptures were seen 
in elastica-stained sections, or no elastica-stained sections were available. Under the 


heading Extravascular Nodules,”’ discrete and fused nodules have been combined 


‘We are greatly indebted to Dr Arnold R. Rich of Johns Hopkins Medical School for 
having attracted our attention to this anatomic phenomenon 
Unfortunately, most publications use pictures of collapsed normal lungs for 


parison, thus creating the impression that tuberculous lungs are llarged 
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It is readily seen that the plus signs of table 2 move from the left upper part 
to the right lower part ol the table. This is the basis for the chronologic inte1 
pretation of the findings and of the diagrammatic presentation in figure 2 

Variation of embolized material from standard SUSPENStON he variation of 
emboli in the lungs can only be studied before their dispersion by macrophages 
has started. Since it is impossible to put the variation of embolized material on a 
quantitative basis, this part of the study was limited to the determination of 
the maxima and minima of embolic masses observed in the mice of table 2. The 
most interesting information was obtained through the experiment with strain 
H37 (Series 20 


Two mice of this series, which were sacrificed twenty-four hours after injection, 


happened to represent maxima and minima of embolic material. The maximum 


is illustrated in figure 17, while figure 19 illustrates the minimum. These 2 mic 


had received identical amounts, which were part of the same charge of a syrings 
Similar maxima and minima occurred among the mice injected with strain D4 
Here, the maximum of emboli, both with respect to size and number, was ob 
served in Mouse 3 of Series 3 L, sacrificed four days after injection; the histologic 
picture was comparable to figure 17. The minimum of embolic material in the D4 
experiments was seen in \Iicuse 9 of Series 16 L, sacrificed two days after in 
jection; the microscopic picture resembled figure 19, including the size of th 


small, solitary clump 


V orphology of Organs Uther Than the Lung 


Other than the lungs, the following organs were examined at various intervals after 
injection of strain D4, standard dose: spleen, liver, and kidneys from three hours to 
thirteen days in 20 mice he femoral marrow from six to twelve days t mice; the 
idrenals and brain on the twelfth and fourteenth days in 5 mice; and the hearts from 


five minutes to four days in 4 ice and on the twelfth and fourteenth davs in 5 mice 


Tubercle bacilli were, at one time or another, found in representatives of each 
of the 7 organs Between three and twelve hours afte injection, 6 ob 6 spleens 
and 5 of 6 livers showed tubercle bacilli, which were either scattered or formed 


aggregates. Clumps of the size seen in the lungs (20 x 10u or more) were 


Fic. 3. Preparation fron three-day-old pellicle of strein D4, Kirchner'’s medium, last 
of 7 ‘short transfers the ( four-day intervals for twenty-three days Acid-fast dense 
packed, thick cords appear black in the picture, nonacid-fast delicate fringes or cords ap 
pear gray, with admixture of single acid-fast bacilli appearing black; dark gray appearing 
bacilli are semi-acid-fast purple’). Sample dried on slide without smearing or stirring 
coated with celloidin, stained with ecarbolfuchsin, differentiated with acid alcohol, counter 
stained with Ldffler’s methylene blue, mounted in clarité 1,500 

Fig. 4. Preparation from a suspension of a three-week-old pellicle of strain D4; this sus 
pension was used for injecting Series 10 L. Great variability in size of clumps. Stain as in 
figure 3 Xx 400 Vote: Preparations from suapensions of strain H37 appear similar 

Fic. 5. Series 16 1 Mouse 5; strain D4, five minutes after injection of standard dose 
Lung showing embolic clumps (black) of different sizes. 64 section, double stain x 100 
Note: From the 5 lobes mined, this was selected for relativel high amount of 


emboli. 
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never observed. Particularly noteworthy was the presence of a few bacilli in the 
myocardium (Series 16 L, Mouse 5) as early as five minutes after injection 

The lesions found in any of the 7 organs were very small and scarce, compared 
with those in the lungs. In the advanced stages of the disease, small cellular foci 
containing numerous bacilli and showing signs of necrosis were occasionally 
found in the myocardium, the liver, the adrenals, and the brain. Although 
tubercle bacilli were seen in every femoral marrow examined (six to twelve days 
after injection), appreciable cellular reactions or necrosis was lacking. During 
the last stages of the disease, the spleens showed the well-known enlargement 
with loss of the normal microscopic pattern, but without typical tuberculous 


lesions (cf. Stewart (3 


EXPERIMENTS WITH DIFFERENT DOSES 
Survival 


The results of the 3 survival tests with different doses are seen in table 3 
With the use of dose /6x or 32x, many mice died within a few seconds or minutes 
after injection, but the ratio of mice dying that fast varied and some mice sur 
vived for several days. Even with the dose 32x, 2 mice survived for three days 
(Series 16 L, Mice 15 and 16). It is evident that the survival times with these 
high doses could not be handled statistically. The data of table 3 may be supple 
mented by giving the percentage of mice which, with these high doses, died 
within five minutes. It was approximately 70 per cent in Series 16 L and Series 
13 L, but only 30 per cent in Series 11 L, 

The doses 4x, /x, 2/4, and 2/16 produced a graded increase in survival time 
which was quite similar in the two separate experiments, Series 13 L and Serie 


Vor phology 


Morphologic studies were limited to experiments with the highest doses, /@2 


or 5623 


Vorphology ol nsion 


The suspension with turbidity 2,600, which was used for injecting the dose 


327 into mice of Series 16 L, was examined by staining samples on a slide. The 


Fic. 6. Series 10 L. Mouse 2; strain D4, fifteen minutes after injection of standard dose 
Bacillary clump $5 x 20ye in diameter probably irrested in narrow segment of vessel. No 
intravascular reaction. - elastica, R rvthrocvtes ju section tripl stain x 400 

Fic. 7. Series 10 1 Mouse 4; strain D4, three hours after injection of standard dose 
kmbolic clump of bacill (black ipproximately 45 x in diameter, lodged in arteriole 
Inte nsive intravascular reaction mainl polymorphonuele ur ii ukoe tes Places of wall 
marked b irrows seem to represent destruction of elastica rather than pre existing gaps 
iu section triple stain x 1.000 

Fig. 8. Branches of pulmonary artery, normal (Series 3 L, Mouse 2). Thick muscular wall 
gray in the picture) in main branch a; alternation of presence and absence of muscle layer 
in branch 6, and absence of muscle laver in branch c, without narrowing of bore. 6p section 


triple stain ~ 100 
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concentration of clumpy material in a drop proved to be so high that microscopi: 
fields (at 400 magnification) were either crowded by numerous medium-sized 
clumps or filled by one very large clump. Clumps of more than 200 x 100m in 
diameter were quite frequent, but it seems that such huge clumps are unstable 
since they were found neither in the standard suspension, made by dilution from 


the high concentrate, nor in the hearts or lungs of the injected mice 


V orphology ol Lungs and Hearts 


The lungs and hearts were examined in 5 of the mice which died within one 
minute after injection (dose /6x, Series 11 L, Mouse 1; dose 32x, Series 16 | 


Mice 1, 2, 3, and 4). In each of the 5 mice, the lungs proved to be filled with 


large emboli, as seen in figure 22: as one would expect at such a short interval 
after injection, no intra- or extravascular reactions were visible. With respect to 
size, the emboli produced by /6x or 32r may be comparable to exceptionally 
large emboli observed with the dose /x. However, the number of embolized ves 
sels and the total amount of embolic material in the different lobes after injec 
tion ol /6x or 627 were always a multiple of those observed with the dose /a 
This difference is illustrated in figures 5 and 22 

lhe hearts of several mice which died within a minute after injection showed 
clumps of bacilli mixed with the cardial blood. In addition, large clumps (up to 
120 x 60 w in diameter) were seen in myocardial vessels. This can be explained in 
two different ways. Either the clumps had travelled through the arteriovenous 
anastomoses of the lungs (4) or they had been forced into the coronary veins by 
excessive pressure in the right ventricle. As mentioned under Survival, of 20 
mice of Series 16 L which had received the dose 32x, 18 mice died immediately 
after injection, but 2 mice survived for three days. The amount of pulmonary 
embolic material in these 2 mice did not seem smalier than that in the 4 mice 
which died immediately. The only difference was that, during the three days of 
their survival, the 2 mice had produced reactive nodules around the bacillary 


clumps, resulting in 25 to 50 per cent consolidation of pulmonary tissue 


Disc USSION 


Since the days of Borrel, the intravenous injection of clumpy suspensions of 


tubercle bacilli has been considered poor experimental technique In his 1893 


paper, Borrel (5) warned that clumps would cause pulmonary embolism and 


thus could “produce phenomena which have nothing to do with the tuberculous 


process.”’ Many investigators after Borrel have mentioned well-dispersed suspen 


Fic. 9. Series 5 L, Mouse train D4, three hours after injection of standard dose. In 
tr ipulmonar irtery showing ide gap where a large bacterial embolus (probably cracked 
during histologi« procedure nd masses of reacting ce lls have broken through the wall 

muscular layer, ( nds of ruptured elastica. 64 section, triple stain x 4100 

Fic. 10. Series 3 L, Mouse strain D4, twenty-four hours after injection of standard 
dose. Typical nodule of 1 tion around a bacterial clump which evidently has emerged 
thre 


from the ruptured vesse it right lower par f the podule Iixtravascular er 


evt R) are remnants of sn hemorrhage. 6m section, triple iin £400) 
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sions, small clumps, and large clumps, but very few attempts have been made 
to define these terms. The present paper is probably the first one in which clumps 
have been measured and suspensions characterized by microscopic pictures 

In the experiments reported here, the standard suspensions which were in 
jected into tail veins of mice contained clumps of 20 x 10 » and more in diametet 
Bacterial emboli of corresponding size appeared in pulmonary arterioles. Yet 
none of the feared circulatory disturbances took place, particularly no hemor 
rhagic infarctions.* There was a possibility that the rupture of embolized vessels 
which was a regular occurrence, might cause hemorrhages and thereby obscure 
the reactions to the tubercle bacilli. However, hemorrhages were hardly notice 
able; evidently the gap in the vascular wall was, at all times, well filled by the 
clump and the reacting cells 

In these circumstances, the obvious advantages of the embolic infection seemed 


to outweigh its more or less imaginary drawbacks 


The main advantages were: the fate of a substantial part of the inoculum, repre 
sented by the emboli, could be followed; readily demonstrable morphologic pictures 
were obtained which could be correlated with time after injection and reconstructed 
is a sequence of phases; the morphologic pictures and their time relations could be 


re produced In a number of mee pendent experiments 


lhe fate of intravenous inocula became an important problem with the in 


creasing use of mice in experimental tuberculosis.’ All workers who have investi 
gated this aspect have stated that the bacilli are seen in the lungs some minutes 
or hours after Injection practically disappeat from the lungs between the first 
and third days, and reappear in the lungs after approximately one week (3, 6, 7 

Dr. H. Bloch informs us (7) that the aggregates found in his suspensions rarely 
contained more than 20 bacilli; this is equivalent to approximately 10 x 104 


In diameter or less Ly (3 | Stewart wrote to us that, in the SUSPeHsIOns used 


animals with a healthy circulation extensive collaterals 
readil compensate the truction of a number of arterioles and « ipillaries von 
Glahn and Hall (10 

Among the papers on ¢ perimental rabbit tuberculosis, the present writers found one 
with evidence of clumps and emboli of approximately 20 x 10a: Wechsberg (11) showed pic 


tures very similar to those of the present stud but he was not interested in the fate of the 


bacterial emboli 


Fic. 11. Series 20 I ) strain H37, four days after injection of standard dose 
Mononuclear pl wwocyvtes i i clumps have disappe ired section. double 
stain 1000 

Fig. 12. Series 20 L, Mouse strain H37, fourteen davs after injection of standard dose 
Tuberculous pneumonia. section, double stain 200) 

kia. 13. Control mouse, approximately ten weeks old, sacrificed by illuminating gas 
Normal ¢ xpanded lungs tained by ligature of trachea before opening thoracic cavit 
formalin fixation for twenty-four hours K 3.5 

Fic. 14. Infected mouse, approximately ten weeks old; died fourteen days after injection 


of standard dose of ral j tensive tuberculous consolidation preventing collapse of 


lungs; volume similar to that o panded normal lungs; formalin fixation x35 
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in his 1950 paper (3), clumps of 20 x 10 4 in diameter may easily have occurred. 


It is beyond the scope of the present paper to discuss the possible fate of well 


dispersed suspensions in the lungs of the mouse.’ In the clumpy suspensions used, 


plenty of well-dispersed bacilli and small aggregates were also present, but it can 
not be stated what happened to them after they reached the pulmonary capillaries 
$y focusing attention on clumps large enough to embolize arterioles, it was 
possible to observe the different stages of the process by which an originally 
intravascular mass of bacilli leaves the vessel and moves into the lung tissu proper 
This transition could not be demonstrated with other methods. By what forces 
the wall of the embolized arteriole is ruptured is a matter for speculation. Only 
the thin-walled segment of vessels (figure 8) can be perforated within a few hours, 
as Dr \. R. Rich has pointed out to the present writers,” 

Subsequently, the escaped embolus forms the center of a reactive nodule 
until dispersion by mononuclear phagocytes terminates the history of a clump 

The reconstruction of the process Was not difficult because there could be only 
one sequence ot the phases observed Moreover the different phases occurred 
at definite intervals after Injection, with moderate overlappings between different 
mice or between different areas in the lungs of one mouse. The only instance in 
which a phenomenon seemed to occur at an entirely “wrong’’ time was the pres 
ervation of a large intravascular clump as late as twelve days after injection 
table 2, 12 days, Series 16 L). A reasonable explanation can be derived from the 
photomicrograph (figure 21). Probably, the large clump was arrested in the thick 
walled part of an artery; therefore, the intravascular cellular reaction (which is 
still visible) could not rupture the wall. Later on, the pneumonic and necrotizing 
processes in the lung encircled the artery and dissolved its muscular layer, while 
fragments of the elastica persisted Under these conditions the « lump could not 
he hed and dispe rsed by mononue lear phagor ytes 

The satisfactory reproducibility of the morphologic pictures and of their time 
relations evidently derives from the reproducibility of the routine procedure of 
the Bacteriology Laboratory. The results of the survival tests, which were made 


in parallel with the morphologic studies, strongly suggested that the mice 


It not surprising tl ll-dispersed bacilli, although delayed in the tortuous pul 
monar;r ‘ ipillari ished out b the bloodstre im problem ims ther 
reappearance after some time and subsequent persistence in the lungs 

Interesting inalogies are found in the paper b> von Glahn and Hal 10 who deseribed 
how sterile cotton embo nd resulting granulomas moved through the walls of pulmonary 
irteries in rats. Their i trations show that the ruptures occurred in the thin-walled 


nonmuscular) parts o 


kia. 15. Series 10 1 US }: strain D4, twelve days after injection of standard dose 
High magnification of a pr mn 1 (pneumonic plugs) showing two alveoli with well 
recognizable outlines, 1 ero acilli, and necrosis of exudate cells. 34 section, triple 
stain x 1.000 

Fic. 16. Same section as in figure 15. This hows destruction of alveolar pattern by 
massive necrosis. I irge num of bacilli on side of pireture remnants of elastic fibers 


E) on right side 


4 
A | 
mcr 
Fias. 17-20 
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sacrificed for morphologic studies were in all respects equivalent to those used 
in the routine survival tests 

It is difficult, however, to establish any relation between the clumpiness of 
suspensions and survival time. Bloch (8) has made an attempt to correlate sur 
vival times with the state of dispersion of suspensions. The “clumps”’ in his 
table III were much smaller than 20 uw in diameter (personal communication by 
Dr. Bloch). Well-dispersed suspensions and small, loose clumps can be charac 
terized by the approximate number of bacilli per unit (Bloch’s table I), but large 
densely packed clumps, as used in the present study, are best defined by their 
diameters in micra. It would be useless to compare well-dispersed and clumpy 
suspensions on the basis of dry or wet weights. Besides these technical difficulties, 
it seems unlikely that there should be any direct relation between clumpiness of 
suspensions and survival times. The primary inoculation of the lungs with large 
clumps, on the one hand, or with well-dispersed bacilli, on the other hand, 
initiates two entirely different processes, although both finally converge to the 
same picture of fatal tuberculous pneumonia. If very high doses of the clumpy 
suspensions (162 or 32x) were injected, massive pulmonary embolism caused 
immediate death of the mice. Youmans and Youmans (9) have also produced 
immediate death of mice by injecting very high doses (10 or 12 mg Before 
discussing their hypothesis of possible toxic death, it would be instructive to 
see microscopic pictures of their suspensions 

It has been difficult to compare the results of the present study with those 
found in the literature, mainly because of lack of morphologic data concerning 


the suspensions used by other investigators. In addition to information on 


preparation of suspensions, turbidity values, and volume injected, future pub 


lications should include microscopic pictures of suspensions, numbers of tubercle 
bacilli for small and loose aggregates, and diameters (in micra) for dense or large 
clumps 


SUMMARY 


Morphologic studies have been made of an experimental mouse tuberculosis 


which is used in routine survival tests for drug screening and evaluation 


Fic. 17. Series 20 L, Mouse 6; strain H37, twenty-four hours after injection of standard 
dose. Maximum of embolic material in lungs observed with this dose: very large clumps in 
this and other areas of the section, and in other lobes ju section, double stain x 100 

Fic. 18. Same section as figure 17, but different area and higher magnification. This area 
shows scattered bacilli and small iggregates, many ol them in mononuclear phagocytes 

1 O00 

Fic. 19. Series 20 L, Mouse 5; strain H37, twenty-four hours after injection of standard 
dose. Minimum of embolic material in lungs: one small clump (14 x 12y) in the whole section, 
marked with arrow; clumps were equally small and scarce in other lobes. Tiny aggregates of 
bacilli (shown in figure 20) have caused the numerous nodules of reaction. 34 section, double 
stain x 100) Note: Mouse 5 and Mouse 6 of Series 20 L received each 0.2 ml. of the same 
charge of one syringe 

Fic. 20. Same section and area as in figure 19, at higher magnification. In addition to the 
clump of figure 19, which is near the left margin of the present picture, there are scattered 


bacilli and small aggregates, mostly in mononuclear phagoc vies x 1.000 
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Fig. 21. Series 10 L, Mouse 16; strain D4, twelve days after injection; same mouse as in 


figures 15 and 16. Unusual press 


rvation of a large intravascular clump in midst of area « 
pneumonia ind massive necrosis; remnants of vascular elastica marked by arrows 
iterpretation, see text. du section, triple stain x 400 
Fria. 22. Series 16 L. Mouse 3: strain D4. thirty-two times the standard dose: death ter 
econds after injection. Lung showing very large embolic masses which cause: 
mechanically; no tissue reaction. 6a section, double stain <100) Note: All areas 


lobes showed similar amounts of embolic masses 
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rABLE 2 
or | Mice, Five Minutes To Fourteen Days Arrer INTRA 
vi OF STANDARD Dose or Tupercie Bac LI 
st in H37 was use ™ es 20 (marked with asterish while strain D4 was used in the 
ther series 
XTR 
> minutes lO | 0 
11 | 0 
16 | 0 0 
4 0) 0 
15 minutes 10 | 0 
hour 10 | 0 
"20 | 2 ++ 0) 0 
10 | 0 
6 hours 5 | afl 0 
12 hours >] 2 ' ++ () 0 
24 hours | 2 1-25 1-25 
2 + + 1-25 1-25 
li 2 ++ ++ 1-25 1-25 
16 | 2 4 4 1-25 1-25 
*20 | 2 ++ ++ 1-25 1-25 
16 | t+ t+ 1-25 1-25 
"20 I é ; + + 1-25 1-25 
davs 16 2 4 +4 1-25 1-25 
wl | 25-50) 
161 2 1-25 1-25 
"2 I 2 ' + 4 1-25 1-25 
days | 4 ro 125 25-50 
| + 4 25-50 25-50 
dave | afl i. 4 ] 25 25 
ll days 2 +4 ++ 25-50 1-25 
11 + 4 af 4 25-5) 25-50 
+ ter 
clum t of vessel (see figure 2! 
SsvVmbois are entered, elers to one 
2 4 
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TABLE 3 
or Dirrerent Doses or Strain D4 on Survivat Time or Mice (INFEecrep IN 


PARALLEL witH Mice AND Sacrificed FoR Stupy 


Per Cent er nt 84 Per Cent 


Dea Dead Dead 


September 12, 1951 2 1) seconds-20 hrs 1) seconds’ 30 20 hours 
Series 13 | } davs—9 davs 3 da 5 days 8 days 
Contr 207 days da days 15 days 

14-22 days da days 1S days 


16-59 days 7 da 28 days 17 days 


October 18, 1951 } 10 seconds—9 days days* 6 days 
Series 11 | 2 2 days-15 days da i days 12 days 
Contr 9-17 dave da davs 17 days 

13->54 days 14 day 7 days 20 days 
16->54 days 17 da 24 days 44 days 


Februar. 1952 10 seconds-—3 davs seconds’ 10 seconds* 10 seconds 
Series 16 1 1s v4 9 days-17 days ll days 13 days 15 days 


(Conti 


* At termination o veriments, all mice had died except in groups marked § and 
t Calculated according to Litehfield’s method (2) except for entries marked c, which 
are actual values 
Identical with mice of Series 13 L, 11 L, and 16 L in table 1 


‘ 
§ Two mice whicl ere sacrificed after 54 days (termination of experiment) were not 


included in the calculated values 
Two mice were excluded from the « ilculated Values: one was sacrificed after 28 days 


for morphologic stud he other was sacrificed after 54 days (termination of experiment 


In the lungs of the mice, bacillary emboli 20 x 10 uw in diameter or larger were 
found immediately afte myection; these emboli originated irom clumps ot simi 
lar size which were present in the suspensions of standard concentration. The 
emboli did not cause hemorrhagic infarctions of the lungs 

In contrast to the known disappearance ol well dispersed SUSPeHsions irom 
the lungs, the retention of clumpy suspensions in the lungs made it possible to 
follow the fate of a substantial part of the inoculum, namely, the embolized 
clumps 

It was possible to reconstruct the sequence of events from the intravascular 
reaction around the emboli to break-through into the pulmonary tissue with 
subsequent dispersion of bacilli by mononuclear phagocytes, resulting in fatal 
tuberculous pneumonia 

Organs other than the lungs showed a relatively slight tuberculous involve 
ment 


Che morphologic observations were similar with injections of strain D4 and 


strain H37R 


Al 
OF ee Calculated Valuest 
uice* Actual Range 
20 | 
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Different doses of strain D4, varying from thirty-two times the standard dose 
to one-sixteenth of the standard dose, produced a graded increase in survival 
time. With the standard dose, 50 per cent of the mice survived approximately 
fourteen days after injection. The highest doses caused immediate death by 
massive embolism. With one-sixteenth of the standard dose, 50 per cent sur ived 
approximately twenty-six days 

Che morphologic pictures and their time relations could be reproduced in a 


number of experiments spaced over two years Survival tests made in parallel 


with the morphologic studies suggested that the mice sacrificed for morphologi 


studies were in all respects equivalent to those used in routine survival tests 


SUMARIO 
T ubhere on wolice pe mental en ¢ Raton 


kstos estudios morfologic« versaron sobre una tuberculosis murina experimental que 
emple ensayvos cle sobrevivencia para la leccion \ justipreciacion cle 
drogas 

En los pulmones ce ratones, descubriéronse inmediatamente después de la inyeecién 
émbolos bacilares de 20 por 10 4 o més de diAmetro; esos émbolos tenfan su origen en grumos 
de tamaho seme ante jue se encontraban en las suspensiones de coneentracion tipo Los 
émbolos no provocaron infartos hemorrdgicos de los pulmones 

kn contraposicién a la conocida desaparicién de los suspensiones bien dispersadas ce 


los pulmones permitié observat 


los pulmones, la retencién de las suspensiones grumosas en 


el destino de una part stancial del inéculo, o sea, de los grumos embolizados 

posible reconstrult i evolucién de los acontecimientos desde la reaccién intra 
vascular alrededor de ) mbolos hasta la irrupeién en el tejido pulmonar con la subsi 
guiente dispersion ce if bacilos por fagocitos mononucleares neumonta tuberculosa letal 

Aparte de los pulmones, los demaés 6rganos revelaron una invasion tuberculosa relativa 
mente leve 

Las observaciones 1 folédgicas fueron similares con las inveeciones cde la cepa 14 la 
cepa H37Ry 


Distintas dosis de la cep 1. que variaron de treinta y dos veces lad 


tipo aun deci 
seisavo de ésta, produjero! mn aumento gradual en el tiempo de sobrevivencia. Con la 
dosis tipo, 50 por ciento os ratones sobrevivieron aproximadamente catorce dia 
después de la inveccién. Las dosis mA&ximas ocasionaron la muerte inmediata por embolia 
masiva. Con un diecis ivo «de la dosis tipo 0) por mento sobrevivieron unos vermtisceis 
irios experimento iados a través de dos afios, fui posible reproducir los cua 
dros morfolégicos sus ones cronolégicas. Las pruebas de sobrevivencia, ejecutadas 
paralelamente a los estudios morfolégicos, sugerian que los ratones sacrificados para los 
estudios morfologicos era et odas sentidos equiy ilentes los usados en los 


cornentes de sobrevivence! 
L.ESUMI 


T ubere ree embolique expe mentale che 


Des recherches morphologiques ont été effectuées sur la tuberculose expérimentale de 
la souris utilisée pour les tests habituels permettant d’établir les taux de survie pour 
sélection et l’évaluation des drogues 

Des embolies bacillaires d’un diamétre de 20/10u, ou plus, ont été découvertes immédiat« 
ment apres les injections de suspensions de concentration standard; ces embolies avaient 
pour origine des agglomérats de méme volume que ceux présents dans les suspensions. Ces 


embolies ne déterminaient pas d’infarctus hémorr igiques dans le poumon 
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ont ) les suspensions bie lispersées sans agglo ts 
eau des pout! pulmor les suspensions avec aggiomerats 
livre substantielle de inoculu i-dire de gu érat 
olise 
suite «ke ene t @tre observée a urt le reactior t cu 
eau ce emboltu iIsqu a passage dans le tissu pulmonaire avec dispersior 
tuberculeuse { 
ben det | j tre ganes ont présenté des modestes lésions tuberculeuses 
hologiaues effectaées avec l’iniection des souches D4 et H37R 
(tarent ident 
ig lu tem le irvie t ete o ervet ives erente 
loses d whe D4 qu | ent entre 32 foi lose standard et un seiziéme de 
tion. Les doses i mort immédiate par embolie massive. | 
eiziéme d entra tou irvie ngt-six jours chez 50% 
cou dexpe entath sur deu és parallels 
ment aux études pl assent cette etude 
orphologique ne diff f t de celle le irvie 
ickne edqment 
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Dorot! ‘ he ler ilso of these Laboratori for help in ous parts of 
thi paper 
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INTRODUCTION 


The present study was an attempt to confirm the experience of Yeager and associ 
vho found pyrazinamide (Aldinamide)? effective in the treatment of tuberculosis 
zinamide was experimentally synthesized by Kushner and his associates (1 
studies by Malone an o-workers (2) revealed that pyr izinamide given ora!| 
cutaneously was effective in the treatment of experimental tuberculosis in mice. Des 
ind associates (3), using guinea pigs, found a moderate beneficial effect which could 
increased by the concomitant administration of either streptomycin or para-amino 
™iiit eid PAS 

Yeager, Munroe d Dessau (4) treated 43 patients with human pulmonary tubercu 
losis for periods betw I nre ind seventy-five davs They noted tl pVrazinamice 
produced uniform clin mprovement. Fever clisappe ired, cough and expectoration 
became noticeably reduced, and the patients reported considerable subjective improve 
ment. In 6 of their 25 patients with far advanced tuberculosis and in 12 of 15 with moder 
itely advanced tuberculosi ome degree of roentgenographic improvement oecurred 
Of 33 patients with sputum positive for tubercle bacilli prior to therapy, 10 developed 
sputum negative for tubercle bacilli on microscopic examination, and also on culture in 4 
patients. There developed an appreciable degree of pyrazinamide resistance in the in 
fection of all of the 12 patients whose bacilli were tested before and after therap oxi 
effects of the drug were manifested commonly by joint pains without redness or swelling 
ind, occasionally, by a febrile reaction. Two patients developed jaundice and abnormal 

function tests suggest f parenchymal li involvement, which slowly improved 
ing no residuals of hepatic dysfunction six to eight months after completion of therap 
\ dose of 700 mg. four times daily for fortv-two davs was recommended b these 


investigators 


PLAN OF INVI PIGATION 


In the present stud 29 patients were selected for treatment, 11 witl pvrazinamice 


alone and 1S with py! namide plus other agents 


Of the 11 patients who ived pyrazinamid ilone, 6 represented patients consecu 


tively admitted to the \ vho had had no previous chemotherapy at all. These were 


placed on a projected cour of six weeks of pyrazinamide, 750 mg. four times dail The 


From the Pulmonary Disease Section, Medical Service, Veterans Administration Medi 
Memphis Tennessee 


The pyrazinamide Aldinamide) was kindly supplied for the purpose of this study b 


Lederle Laboratories. American inamid Compan Pearl River. New York 


cal Teaching Group Hospit 
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vere compl 


In 6 patients 


yere resistant susceptibilit ‘ 


sputum 


Organisms mn 


OBSERVATIONS 


Pyrazinamide Alone 


razinamide alone, the treatment was 

nent. manifested by a decrease in cough and expectoratior 
better ippetits m ite to marked sense of well-being. As would be expected, the 
| treatment group than in the group which had received 


results were better ginal 
previous antitubers «chemotherapy (re-treatment group Five of the 6 in the original 
treatment group improved clinically, and all showed weight gain Two of the 5 patients 
improved clini ally hut none showed we ight gain 


im the re-treatment group (table |! 
treatment group, the disease 
Both of the latter patients showed initial 


remained unchanged, while in one 


In ) patients in the re 
patient in ¢ ich group the lesions became worse 
iter regressed while still under therapy 


clinical improvement it 
to less advant ive In the 


The changes sible in the chest roentgenograms showed 


rABLE 1 


» with PYRAZINAM 


* Patient's sputum culture became negative for V ‘ losis just prior to star 


ol therapy 
t no change; 3, 2, | slight, moderate, and marked improvement, respectivel 
d marked worsening respectivel 


slight, moderate, ar 


resistant 


‘ pyrazinamide in the average, presumal Cast 
alt ibercu give wr the length of time recommended by Yeager and 
‘ té ‘ ‘ ed effect e formes therar av lable or these 
tientea, there ceeding ond this The remait ng 5 pa 
tie! sinthe g I bie disease which edt mprove on pre ous anti 
rothial the ‘ gent nd which was asso ted with organisms which were 
tre tor | ese patients yas considered mtifahbie to project where 
Pus e a longs irse ent ip t hree months vith pyrazinamide, 750 mg. four 
times d 
The ily ent ed izinamide alone consisted of 5 white and6 Neg nales 
rhree patient er third decade e, 3 im the irtl in the fifth, and 2 in the 
sixth dec if \ theray Ypatientsl progressive pulmonary tubercu 
sie and he cise Seve patients itar advanced tuberculosis nd 
t had moderate | disease. All except one had sputum positive for tubercle bacilli 
it the time the ‘ egu The exception was a patient whose sputum cultures had 
been positive bere ut became negative (unknown at the time to the nvest 
ceptible to streptor the 
terminable in the patic th the “negative za it he had had two prior courses 
of streptomyecir 1PAS tl ind the =e ell have been resistant 
2 C.M R 2 No 6 
2 No 13 
t) 
R 
/ 
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ne patient showed moderate roentgenog! 
vement In the re-treatment group ol >. nom showed 
In one case in each group, in the patients who had shown 


responses } vas roentgenographic worsening. The sputum cid not ix 
m culture in anv of the patients but in 2 patient 


negative on microscopic examination 


u 


tment patients are briefly summarize 


ed on June 10, 1953, with history of p 
nsidered arrested since 1946, who developed symptom 
id fever up to 100°F. Fine moist rales were found at 

d moderately advanced dis 


ung. The sputum 


patient 
te ind a 4 poun 
slight clearing, bu 
positive for acid t ‘ ion roscop imination. However 
sundice e tot serum bill rose t« mg. per 100 m 
mil t ‘ | ‘ ot 


discontinue: 


Although ti rl vas believed to be du >a toxik 
subjected to blooe | four months p us ind 
leukocyte count « mphocytosis, neither homologous 
hepatitis could be excluded discontinuation 
to improve and, tot ks later, his liver function studi 


K.C.¢ r-o ror vas admittedon June 25, 1953, with 
of symptoms suggestive of pulmonary tuberculosis. His temperature was 102 
night sweats und he ost 3 pounds in veight He had severe cough ine 
Wh ce. ¢ of thick for purulent sputum The chest roetr tgenogram showed |! 
disease with a dense extending from the rnght apex th re no ters] 
ind containing a radi ‘ 5 em. in diameter. The sputum positive for tubers 
bacilli. On July 2, 1953, the with pyrazinamide, 750 mg. four times dail vas startec 
The patient became ale thin five days, the cough decreased, the sputum declined 
120 ec. dailv and became jurulent. His appetite improved, and he gained 7 pound 


weight 


The sputum remained po e for acid-fast bacilli, although fewer were found, and no 


significant change was seen In the chest roentgenogram at the conclusion of the ther ip 


JI-HM ! ear-ol te male, was admitted on June 27, 1953, complaining of dyspnea 
on exertion for three ind subsequent orthopnea and paroxysmal nocturnal dyspnea 
He ilso complained « roductive cough lever ind weight loss. Pe lal edema was noticed 
four days before admissior examination he showed evidence of pulmonary emphysema 
chronic bronchitis, cor | male with congestive failure, and pulmonary tuberculosis. The 
chest roentgenogram show far advanced disease vith dense patch infiltrates throughout 


both lung fields and small is of radiolucene The sputum was positive for tubercle 


bacilli. The myocardial insufficiency responded to salt restriction, Mereuhydrin, and digi 


toxin. With pyrazinamide, 750 mg. four times daily, there was improvement of cough 


50 per cent decline in sputum, and a reduction of fever 


original treatment grou 
ment and 2 shower ght bre 
roentgenographic improvement 
moor nich 
ome negat 
the onwimnal treatment grou theane 
Individual case report the 6 original tre: i ss | 
monary tuberculosis s e 1945. co a 
reactivation rel 53. He } 
right ape The chest entge y 
Liver funct tests were norma 
Witl 
t gai \t the 
sputum re 
I med the } tient 
19 
mg. per 
patitis. the patient had been 
ce he also had an el ited 
rum jaundice nor infectiou 
zinamuie, the patient begar 
vere approaching norma 
d 
d 
4 
4 
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Approximately three weeks after the start of pyrazinamide therapy, the s\ mptoms 
suddenly became ry ited and the chest roentgenogram showed increased disease The 
sputum was still positive for tubercle bacilli. Therapy was changed to a combination of 


streptomycin, PAS, ane oniazid, with prompt clinical improvement 


PK i raphe ‘egro male, was admitted on June 29 1953, with a six-month history 
compatible vy mary tuberculosis. The chest roentgenogram showed moderately 
sdvanced dis vith mottled infiltrates from the left apex to the fourth anterior interspace 
snd containing a | em. radiolucenecy. Therapy with pyrazinamide, 750 mg. four times dail 
lor BIX weeks cat crease in cough and sputum, with increased uppetite and a weight 
gain of S pounds. Practica of the clinical improvement occurred within the first four 


Weeks 


The sputul ecame I 4 e for acid-fast bacilli on mu roscopic examination but re 


mained positive for rculosia on culture. There was no significant change in the 


chest roentgenogran 


entered the hospital on June 23, 1953, with a six-month 

history « mptoms suggestive of tuberculosis. The chest roentgenogram showed moder 

itely advanced « ise iottled infiltrates extending from the right apex to the level of 

the second anterior int pe Sputum was positive for acid-fast bacilli on microscopic 


examination rapy with pyrazinamide, 750 mg. four times daily, for six weeks caused a 


slight decrease in nall amount of sputum but no change in the slight cough 


His appetite improved ul he gained 11 pounds in weight. The chest roentgenogram 
revenled slight ‘ ng ibnorma!l shadows, but the sputum remained posit e tor 


tubercle bacill 


b. A 1 44 old white male with a history of pulmonary tuberculosis since 1948, had 
been on leave om itorium since April, 1953. He had been treated from 1948 to April 
1953. with bed rest vas admitted to this hospital on July 17, 1953, because a re 
examination rev sputum positive for tubercle bacilli. The chest roentgenogram showed 
patchy densities throughout the upper one-third of both lungs. The sputum was again found 
positive for tt mecilh. The patient was given six weeks’ therapy with pyrazinamide 
75) me. four tu fail His cough disappeared, his appetite improved, and he gained 10 


pounds, 


The sputum b ne negative for acid-fast bacilli on microscopic examination. The 
chest roentgenograms owed moderate clearing of the abnormal shadows 

Comment: Thes nal signified to the present writers that pyrazinamide can exert 
definite ra fluence on patients with pulmonary tuberculosis, as demonstrated by 
1 decrease in coug ‘ xpectoration, an improved sense of well-being and, in the mor 
favorable cases : vain. Although the roentgenog! iphic and bac teriologic changes 
were not impres n in the favorable cases, vet, if the short time of therapy is 
considered (merely six weel then the response here, too, appeared more satisfactor 
In the re-ts it group, the benefit of pyrazinamide appeared slight, but these cases 
were failure { pre rapy with streptomycin and PAS, which are proved and, pre 
sumabiv, more |} y ts. The conclusion of Yeager and associates that pyrazinamide 
was effect r onl ort period of time appeared to be borne out by patient J. HH. M 


who suddet ‘i rom the drug’s beneficial influence ifter only three weeks 


therapy. Pate \ probable toxic hepatitis due to pyrazinamide, seemed to 


confirm Yeage cuit vith regard to the drug’s potential hepatotoxi properties 
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ra PYRAZINAMIDE IN ASSOCIATION WITH OTHER THERAPY 


GE 
RAPHI 
HANGE 


streptomycin 
daily 
streptomycin 


dail 


Streptom cin No 


twice weekly 
Streptomycin On micro 
e weekly scopic exam 
ination only 
Streptomyein No 
twice week] 
“Streptomycin Yes 
twice weekly 
Streptomycin 
twice weekly 
Dih drostrepto 


mycin twice 


Dil drostrepto 


ein twice 


Dih drostrepto 
mycin twice 
veekl 

PAS dail 
tomycin 
weekl 
is PAS daily 

Streptomvein 
Twice weekl 
plus PAS dail) 

Streptomvemn On micro 
Vice WeeKI scopic 

is PAS dail) ination onl 
izid 100) No 
dail 
miazid ; No 
mg. dail 
wid 
nig dail 
miazid 


me. dail 


* Died of compli 7) ( paraplegia 

t Died of lyn saree stomach 

} no changes slight, moderete ind marked improvement 
moderate ind m \ 

resistant 


susceptity! 


2 
ROENT 
HA WEEK 
R 7° No 9 
2. W.B 3 a 2 Yes 2 6 
6 12 
» j 6 
7. W.K.B 6 
8. A.B R 5 15 
eekl 
9. J.M 2 Yes 
10. HS 5 10 
12. BLK R 17 
4. C.D 17 
HR 2 16 
6. Cf 16 
17. HW Ss I 16 
IS. I 16 
14s 
ar , 


PYRAZINAMIDE IN PULMONARY TUBERCULOSIS 149 


taining 5 ¥y of isoniazid per ml., compared with a 3-plus growth in the control medium, 
ifter four months of therapy 

Hepatitis The one serious toxic reaction probably due to the ther ipy was in the patent 
who received pyrazinamide alone and who developed jaundice with evidence of pa 
renchymatous liver damage. Five other patients of 20 patients in whom routine tests 
were done had evidence of mild hepatic dysfunction as manifested by slightly elevated 
bromsulfalein retention, with one also showing a prothrombin time of 2S per cent of the 
normal value. In the latter patient, therapy was discontinued because of toxicity. The 
prothrombin time quickly returned to normal while the bromsulfalein tests returned to 
normal more slowly. One seriously ill patient complained of abdominal cramps following 
the medication, but he had had similar, although less severe complaints following previous 


other oral therapy 


GENERAL COMMENT 


The present results with pyrazinamide do not seem quite as favorable as those reported 
by the original investigators. In the patients of the present study who received pyra 
zinamide alone, the results were somewhat better in the original treatment group, clini 
cally and roentgenographically, than in the re-treatment group but not good enough to 
ulvise the use of this drug alone except, perhaps, in special circumstances. In the patients 
who received concurrent therapy with other antimicrobial agents, only those with strep 
tomycin-susceptible bacilli showed improvement roentgenographically and by sputum 
“conversion,” with the exception of the one patient with streptomycin-resistant organisms 
who received concurrent isoniazid. Such patients probably would have been expected to 
improve had pyrazinamide not been added. There was an insufficient number of patients 
with streptomycin-susceptible organisms whose sputum remained positive for tubercle 
bacilli on completion of therapy to determine the effects of pyrazinamide on delaying 
resistance to streptomycin. No conclusion can be drawn from the few patients who 
received concurrent isoniazid and pyrazinamide whether pyrazinamide delays the ap 


pearance of resistance to isoniazid 


SUMMARY 


Pyrazinamide appeared to be of benefit to some patients with active pulmonary 
tuberculosis. It was more effective in favorable original treatment cases than in failures 
of other antimicrobial therapy. When given concurrently, with streptomycin and/or para 
iminosalicylie acid, it had some favorable effect on patients with streptomycin-susceptible 
organisms, but not on those with streptomycin-resistant organisms. Pyrazinamide and 
isoniazid may be worth trying in the latter tvpe of infection. The toxicity of pyrazinamide 
did not appear to be unduly significant. One patient of the 29 developed hepatitis; 5 of 


20) others developed slight! ibnormal liver function tests. The patient with hepatitis 


and one of the patients w th abnormal hepatic function improved promptly on cessation 


of the drug administration: otherwise, the medication was continued without ill effect 


In vitro susceptibility tests were of no aid in the therapeutic use of pyrazinamide 
| | 
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Observaciones acerca de li acinamida (Aldinamida) e) ale Pulmona 


La piracinamida pa cK beneficlo para igunos entermos que tet in tuberculosis 
pulmonar ictiva Fué I iz en los casos que hablan respondido favorablemente il 
tratamiento primitivo q wjuéllos en que habia tracasado otra ter speutica antimicro 
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FATAL ALLERGIC REACTION TO PARA-AMINOSALICYLIC ACID 


WILBUR J. STEININGER, MORRIS D. KLOPFENSTELN 
C. EUGENE WOODRUFI 
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FATAL ALLERGIC REACTION 


Fic. 3. Section of kidne showing area of recent se irring with infiltration of plasma cells 


polymorphonuclear neutrophils and eosinophils x 1 


s showing area of recent scarring with infiltration of plasma 


cells, polyvmorphonuel eutrophils and eosinophils x 1 
twent four hours. His temperature was subnormal the | vo da Respirations ceased 
it $:40 a.m. on Februar Phe clinical impression of cause of death was acute adrenal 
failure and exfoliative dermatitis, following hypersensitization to PAS 


Poat Vorte m Exvamination 


Macroscopic examination The skin over the entire body varied from yellow-red to light 


purple in color. In several places the superficial epithelium had exfoliated. The heart 


weighed 270 gm. and showed dilatation of both ventricles. The musculature was flabb 
Several small caseous lesions were found in the upper lobes of both lungs, with a 2 em 


cavity in the right upper. Both lungs appeared congested and edematous Foul-smelling 
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NEAR-FATAL SHOCK FROM PAS FOLLOWED BY GUILLAIN- 
BARRES SYNDROME 
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GUILLAIN-BARRES SYNDROME AFTER PAS 


SUMARIO 


Colapso Vascular como Manifestacién de Hipersensibilidad al Acido Para-Aminosalicilico 
Comunicase un caso de produccién de grave colapso vascular periférico como manifes 

tacién de hipersensibilidad al 4cido para-aminosalicflico (PAS). El choque prolongado fué 

seguido de la aparicién del sindrome de Guillain-Barré, que desaparecié con el tiempo 


RESUME 
Shock presque fatal da PAS suivi par le syndrome de Guillain-Barrés 


Un cas de collapsus vasculaire périphérique sévére par hypersensibilité a l’acide para 


aminosalicylique (PAS) a été observé. A l’état de choc prolongé a succédé un syndrome de 


Guillain-Barrés, qui a disparu rar la suite 
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THE GOITROGENIC EFFECT OF PARA-AMINOSALICYLIC ACID DURING 
THE THERAPY OF PULMONARY TUBERCULOSIS'” 


Report of Eleven Cases 
GEOFFREY L. BRINKMAN anp E. OSBORNE COATES, JR. 
(Received for publication, May 5, 1953) 


INTRODUCTION 


Several reports have now appeared describing thyroid enlargement occurring during 
therapy with para-aminosalicylic acid (1-4). This effect is evidently related to the ability 
of para-aminosalicylic acid (PAS) to depress iodine uptake by the thyroid gland. Experi- 
mental work has shown that, in vitro, PAS is capable of binding a large amount of iodine 
from an iodine solution (5). In rats, cellular hyperplasia of the thyroid gland has been 
demonstrated after feeding with PAS and aminophenol (7). Hanngren (6), working with 
human subjects, has demonstrated cessation of radioactive iodine uptake by the thyroid 
gland forty-five minutes after starting an intravenous transfusion of PAS. This inhibitory 
effect lasted for fifteen hours, after which the gland was again able to take up iodine 
Similar findings have been reported by Sutherland (8) in this country. It is of interest that 
Promizole, another antituberculous drug, has also produced thyroid enlargement both in 
experimental animals (9) and in humans (10). 


Clinical Observations 


During the two- and one-half-year period from July, 1950 to January, 1953, 11 cases 
of goiter have developed at Trudeau Sanatorium among patients who received PAS. 
No goiters were observed among patients who received no PAS, or among the employees 
and staff of the Sanatorium. 

During the period under observation, prolonged streptomycin-PAS therapy was the 
standard chemotherapy given to the majority of patients, although in 1952 isoniazid was 
used to some extent both alone and in combination with streptomycin or PAS. However, 
PAS was the only regular medication (with the exception of multiple vitamin prepara- 
tions) given to all those who developed goiter. A summary of the chemotherapy regimens 
among these 11 patients follows: 


Streptomycin plus PAS 

Isoniazid plus PAS 

Streptomycin plus isoniazid plus PAS 
Total 


Deliberate interruption of drugs to demonstrate a cause and effect relationship was 
considered unjustified after it was recognized that this might impair therapeutic effective 
ness. However, in 3 patients whose therapy was either interrupted or terminated, dis- 
appearance of the goiter was observed within two to three weeks 

Study of the 11 persons who developed goiter provided the data presented in table 1. 

Nine of the 11 goiters occurred in females, whereas the patient population in the Sana- 
torium as a whole was approximately equally divided between men and women. 


' From Trudeau Sanatorium, Trudeau, New York. 
* This investigation was supported by a fellowship grant to the senior author from the 
Lawrason Brown Memorial Fund. 
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No specific family history of goiter could be elicited among this group, nor was any 
one geographic area represented among them, other than the fact that most came from 
states in the northeastern portion of the United States, as did the majority of patients 
at the Sanatorium 

Nothing unusual could be found regarding the form of PAS which these patients 
received. All had received the standard regimen of 4 gm. of PAS three times daily, 
and the three, forms of the drug then in use at the Sanatorium were all represented, 
namely, sodium PAS salt in solution, tablet form, and powder 

The onset of thyroid swelling varied from four to twelve months (average 6.7 months) 
after the start of PAS therapy, with the exception of one patient (M. J.) whose goiter 
appeared in seven weeks. In spite of this delay in the appearance of goiter in the majority, 
prolongation of therapy appeared to be of little importance in itself as an etiologic factor. 


Combined streptomycin-PAS therapy was administered to a total of 72 patients for six 


to twelve months and to 190 patients for twelve months or more during the period under 


review 

Clinical and laboratory observations provided evidence of reduced thyroid function, 
as might be expected. Cholesterol determination in 8 of these patients showed abnormally 
high values in 2, and results in the upper range of normal in an additional 4 patients. 
Two of these patients (P. G. and A. B.) developed clinical myxedema which showed no 
response to iodine medication but prompt benefit from thyroid extract 

Two cases illustrating points of particular interest are detailed below 


Case Reports 


Case |: P. G. was a 26-year-old female teacher with moderately advanced pulmonary tu- 
berculosis for which she received streptomycin and PAS (12 gm. daily) beginning in October, 
1951. She underwent a wedge resection for persisting cavity in the left upper lobe in July, 
1952, at which time her streptomycin was increased from 1 gm. twice weekly to 1 gm. daily 
She tolerated the drugs well and made satisfactory progress, but on October 17, 1952, after 
twelve months of chemotherapy, a goiter was noticed; her neck circumference was 13.5 
inches (figure 1). She was given Lugol’s solution, 2 cc. per day (equivalent to 0.26 gm. of 
iodine) and the streptomycin and PAS were continued. Although the Lugol’s dosage was 
later increased to 3 ec. per day, the goiter persisted. Two months after the goiter was first 
observed, her neck measurement had increased by one inch, to 14.5 inches. She had a 
typical myxedematous facies and had gained 10 pounds in weight. Serum cholesterol was 
326 mg. per 100 ce. On December 27, 1952, medication with thyroid, 0.03 gm. daily, was 
started and two weeks later this was increased to 0.065 gm. daily. Five weeks after the 
start of thyroid therapy her facial appearance was back to normal, her neck measured 13.5 
inches, and she had lost 9 pounds in weight. Serum cholesterol now measured 240 mg. per 
100 ec. Streptomycin and PAS therapy was not interrupted at any time but was continued 
along with the desiccated thyroid. Although she became symptom free, the gland did not 
return to normal size during streptomycin-PAS therapy 


This case demonstrates clearly the ineffectiveness of iodine in preventing the develop- 
ment of hypothyroidism in these patients, whereas thyroid in moderate doses will relieve 
the condition 

In only one other case has myxedema been demonstrated. This was a woman (A. B.) 
of forty who after five months of daily streptomycin and PAS (12 gm. daily) developed a 
goiter. Chemotherapy was continued, but within a month she had the typical myxedema- 
tous facies, felt lethargic, and spent most of the day sleeping. Her serum cholesterol was 
305 mg. per 100 cc. The basal metabolism rate was —4. She also showed a rapid response 


to thyroid medication 
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7 7 
2-WEEK INTERVALS 


Fic. 1. Schematic representation of the clinical course in patient P.G 


Case 2. R. 5. was a 45-year-old female secretary with moderately advanced pulmonary 
tuberculosis. She started streptomycin (1 gm. twice weekly) and PAS (12 gm. daily) in 
May, 1952. Five months later, in October, a goiter was noticed for the first time. Her neck 
measured 13.1 inches. Streptomycin and PAS were continued, and no therapy was given 
for the goiter. The latter remained unchanged for six weeks, and in mid-December it dis 
appeared. Her neck then measured 12 inches. In early February, the goiter reappeared and 
her neck size remained at 13 inches. In this patient also, streptomycin and PAS have been 


continued without interruption 


This case and one other (F. 5S.) are the only 2 in which the goiter underwent spontane 
ous remission, which lasted, respectively, six weeks and eight weeks before the goiter 
reappeared 

Observations in this group of patients have not confirmed Librach’s statement (3) 
that the longer PAS administration is continued after the appearance of thyroid swelling, 
the greater is the risk of myxedematous changes. The patient (R.S.), whose case was 


presented above, was observed for five months after development of goiter, and, despite 
the continuation of PAS without any antithyroid medication, her condition did not pro- 
gress into myxedema. Three other patients observed for two months after development 


of goiter showed no signs of hypothyroidism in spite of continuation of streptomycin 
PAS treatment. In the 2 cases in which myxedema occurred, it appeared within a 


month of the goiter development 


COMMENT 


Although the development of clinical goiter among patients receiving PAS might 
be anticipated in view of its demonstrated ability to block iodine uptake by the thyroid, 
surprisingly few such cases have been reported in the literature. In the present group of 
11 patients, a relationship of PAS administration to the development of goiter is indicated 
by three observations: first, the fact that PAS was the only medication regularly taken 
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by all; second, the absence of goiter among patients, employees, and staff, who did not 
receive PAS; and, finally, the disappearance of goiter when PAS was stopped. 

From a therapeutic standpoint, administration of iodine produced no effect in the 2 
persons in whom it was tried, thus differing from a simple iodine-deficient goiter. Small 
doses of thyroid extract, however, gave prompt improvement in the 4 patients to whom it 
was given, with disappearance of clinical signs of myxedema and regression of the size of 
the gland. It is noteworthy, however, that continuation of PAS after the appearance of 
goiter did not lead to clinical myxedema or to further enlargement of the gland in several 
of these patients. 

Although the group with goiter represented only a small segment of the total number 
of patients receiving prolonged PAS therapy, no specific predisposing factors could be 
elicited among these persons. A possible relationship of goiter to amino acid metabolism 
is suggested by the demonstration that PAS in the diet neutralizes ascorbic acid (vitamin 
C) (12), which is necessary for the synthesis of diiodotyrosine (13) and consequently of 
thyroxine. Since mild vitamin C deficiency is relatively common in patients with active 
pulmonary tuberculosis (11), investigation of its relationship to PAS therapy and to 
thyroxine synthesis might clarify the factors in production of this type of goiter. 


SUMMARY 


Eleven cases of thyroid enlargement occurring during para-aminosalicylic acid (PAS) 
therapy are reported, with the development of myxedema in 2 patients. Iodine therapy 
was ineffective in relieving the condition, whereas thyroid in moderate doses was curative 
in the 4 cases in which it was given. There appears to be no contraindication to continuing 
PAS therapy along with thyroid when necessary. 


SUMARIO 


El Efecto Boctgeno del Acido Para-Aminosalictlico Durante la Terapéutica de la 
Tuberculosis Pulmonar 


Comunieanse 11 casos de hipertrofia tiroidea observados durante el tratamiento con 
Acido para-aminosalicilico (PAS), con aparicién de mixedema en 2 enfermos. La yodoterapia 
resulté ineficaz para aliviar el estado, mientras que el tiroides a dosis moderadas se mostré 
curativo en los 4 casos en que se administrara. No parece que haya contraindicacién a la 
continuacién del tratamiento con PAS junto con tiroides cuando es necesario 


RESUME 


Action gottrogéne de l’acide para-aminosalicylique au cours de la thérapie de la 
tuberculose pulmonaire 


Onze cas d’hypertrophie de la thyroide, qui se sont manifestés au cours d’un traitement 
par l’acide para-aminosalicylique (PAS), sont rapportés. Le myxoedéme s’est développé 
chez 2 malades. La thérapie iodée s’est montrée inefficace, tandis que la thyroide A doses 
modérées a procuré la guérison dans les 4 cas of elle a été pratiquée. Il n’apparait pas qu’il 
y ait de contre-indication A poursuivre le traitement par le PAS, en association avec |’admi 


nistration de thyroide si nécessaire 
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STUDY OF THE VIRULENCE OF ISONIAZID-RESISTANT TUBERCLE 
BACILLI IN GUINEA PIGS AND MICE 


A Preliminary Report 


Contradictory reports from several reputable investigative laboratories regarding the 


question of animal virulence of isoniazid-resistant tubercle bacilli have indicated that 


this subject is one of increasing diagnostic interest and importance. 

Karlson and Ikemi' and Goulding and associates* published data which clearly demon 
strated that isoniazid-resistant tubercle bacilli lost no virulence for mice. On the other 
hand, Grunberg’ stated that isoniazid-resistant tubercle bacilli did not cause progressive 
disease in guinea pigs or mice. Recently, Peizer and her group‘ reported that isoniazid 
resistant tubercle bacilli retained pathogenicity for the guinea pig 

The present report presents the results of two independently conducted experiments 
which may shed some light on the controversial subject of the animal virulence of iso 
niazid-resistant variants. The first experiment was conducted in the fall of 1952, at the 
Army Medical Service Graduate School, Walter Reed Army Medical Center, Washington, 
D. C.; the second was conducted early last winter in the Research and Development 
Branch, Fitzsimons Army Hospital, Denver, Colorado 

In the experiment conducted at the Army Medical Service Graduate School, acid-fast, 
isoniazid-susceptible bacilli culturally identified as M. tuberculosis, and determined to be 
pathogenic for the guinea pig, were transferred from Léwenstein medium,’ free of iso 
niazid, to Tween*-albumin medium,’ also without isoniazid, and grown to a suitable 
density. Transfers were made from the Tween medium to Léwenstein medium containing 
known concentrations of isoniazid and, after suitable growth of the selected isoniazid 
resistant variants had developed, transfers were again made to Tween-albumin medium 
without isoniazid. Each resistant strain was grown to a density equal to 5 mg. of bacilli 
by wet weight in 1.0 ml. of the culture medium. The isoniazid-resistant strains were 
inoculated subcutaneously in the groin of each of 3 animals, each animal receiving 5.0 mg 
of bacilli by wet weight. One pig from each series was sacrificed after three weeks, one 
after six weeks, and one after nine weeks. Cultures on Léwenstein medium were made 
from tissue homogenates cf the spleen, liver, and lungs 

In the second experiment, conducted in the Research and Development Branch, 
Fitzsimons Army Hospital, acid-fast strains culturally consistent with M. tuberculosis 
and reported by the laboratory as being resistant to 100 y of isoniazid per ml. were trans 
ferred to modified Petragnani egg medium.’ After suitable growth, a transfer was made 
to Tween-albumin medium containing no isoniazid, and, after a reasonable density had 


' Karuson, A. K., ann Ixemr, Y.: Proc. Staff. Meet., Mayo Clin., 1952, 27, 373 

* Goutpina, R., Kine, M. B., Knox, R., anp Rosson, J. .M: Lancet, 1952, 2, 69 

*Grunpero, E.: Minutes of the meeting of the American Association for the Advances 
ment of Science, St. Louis, 1952 

‘ Perzer, L. R., Wipe tock, D., anp Kier, 8.: Am. Rev. Tuberc., 1953, 68, 290 

’ Jensen, X. A.: Zentralbl. f. Bakt., (Abt. 1), 1932, 124, 222 

* Proprietary name of polyoxyethylene derivative of Sorbitan monooleate, obtainable 
from the Atlas Powder Co., Wilmington, Delaware 

’ Dupos, R. J., anp Mipp._eprookx, G.: Am. Rev. Tuberc., 1947, 56, 334 

* Dye, W. E., anp Weiser, O. L.: Armed Forces M. J., 1950, /, 1 
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Experiment 1 - Walter Reed Army Medical Center. 
Lowenstein's Tween -80 Lowenstein Tween -80 


Primary 


| 


Ne INH 
Guinea Pigs 


Experiment 2 - FAH, Research and Development Branch 
ATS 


Modified 
Petvragpani's - ™._ATS Tween -80 


\ 


No INH No INH 100 meg's INH No INH Guinea Pig 
per mi 
Fig. 1. Experimental technique used in studying the virulence in guinea pigs of isoniazid- 
resistant tubercle bacilli 


developed, transfers were made to one tube of American Trudeau Society (ATS) medium*® 


without isoniazid and to another tube containing isoniazid, 100 y per ml. Subculture from 
ATS medium containing no isoniazid was made to Tween-albumin medium containing no 
isoniazid and, after suitable density had developed, each strain was inoculated sub 
cutaneously into the groin of a guinea pig. 

It is important to compare again the experimental techniques of the two experiments 
(figure 1). In the experiment performed at Walter Reed, the subcultures passed from a 
medium containing isoniazid to a medium containing no isoniazid, and subsequently were 
inoculated into the animals. In the second experiment, conducted at Fitzsimons Re 
search and Development Branch, the isoniazid-containing medium was by-passed, and 
the bacilli introduced to the animals were not subjected to isoniazid during an experi 
mental procedure 

The results of the Walter Reed experiment (table 1) indicate that none of the animals 
inoculated with the eleven strains selected as resistant to 50 y of isoniazid per ml. showed 
evidences of visceral disease, whether sacrificed at three weeks, six weeks, or at nine weeks 
A single strain selected as resistant to 25 y of isoniazid per ml., but susceptible to 50 y, 
also failed to produce progressive disease in any of the 3 guinea pigs. Mycobacterium 
tuberculosis, strain H37Rv, resistant to 0.2 y of isoniazid per ml., was observed to produce 
visceral infection in one animal sacrificed at three weeks. However, the animals sacrificed 
at six weeks and nine weeks presented no gross lesions. The control strain H37Rv, sus 


ceptible to 0.06 + of isoniazid per ml., produced progressive disease in all 3 animals, and 
all 3 animals had to be sacrificed at the end of the third week. It will be noted that some 


* AMERICAN TrupDEAU Socrety: Am. Rev. Tuberc., 1946, 58, 344. 
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TABLE 2 


VIRULENCE IN Mice or AND Isonrazip-SusCEPTIBLE 
Tupercie Baciuu 


MG. WEIGHT WET BACILLI 
SED PER ANIMAL AS ITY IN | GROSS LUNG INVOLVEMENTT 
ani y PER ML 


or CF, mice 
INOCULATED 


10 : Susceptible to 0.06 4+ 
10 Resistant to 0.2 4+ 
10 : Resistant to 25 3+ 
10 : Resistant to 50 


10 5 Susceptible to 0.06 
10 5 Resistant to 0.2 
10 . Resistant to 25 
10 Resistant to 50 


* Animals inoculated intravenously. 
t Gross lung involvement 

4+ totally involved. 

3+ 75 per cent involved. 

2+ 50 per cent involved. 

1+ 25 per cent involved. 


strains were recovered from guinea pig tissues. The strains recovered were found to be 
isoniazid-resistant to the same drug concentration as when inoculated. Among the animals 
inoculated with strains resistant at the 25 and 50 y concentration, enlarged spleens were 
found in several sacrificed at three weeks, but not in the animals sacrificed at six weeks 
or at nine weeks. 

In the experiment conducted at Fitzsimons Army Hospital (table 1), all 15 animals 
inoculated with the fifteen so-called “resistant strains’ developed progressive disease, and 
either died or were sacrificed at four weeks; all presented the characteristic picture of 
tuberculous infection. Bacilli isolated from these animals were, with one exception, 
susceptible to 0.2 y of isoniazid per ml. 

The evidence presented suggests that the cultures used in the Fitzsimons Army Hospi- 
tal experiment were composed of mixed populations of isoniazid-susceptible and -resistant 
bacilli. This concept would perhaps explain the discrepancies in the literature concerning 
the virulence of isoniazid-resistant tubercle bacilli for the guinea pig. 

In addition to guinea pig virulence studies, a limited number of studies were done at 
Walter Reed Army Medical Center on the virulence for mice of isoniazid-resistant and 
-susceptible tubercle bacilli. The H37Rv strain made resistant to 0.2, 25, and 50 y of 
isoniazid per ml. was injected by way of a tail vein into 15-gm. white mice of the CF, 
strain (table 2). Each strain was inoculated into 10 mice. In the first study of this type, 
each mouse received 0.2 mg. of bacilli by wet weight. In a control series, 10 mice were 
inoculated with the H37Rv strain susceptible to isoniazid. The mice were sacrificed at 
twenty-eight days, and the gross lesions in the lung were evaluated according to the 
method of Raleigh and Youmans.’ There was little difference in gross lesions observed 
in mice inoculated with susceptible or resistant tubercle bacilli. In a second study, mice 
were again inoculated by way of a tail vein; however, the inoculum was increased to 0.5 


” Raverou, G. W., anp Youmans, G. P.: J. Infect. Dis., 1948, 82, 205 
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mg. of bacilli by wet weight, and the mice were sacrificed at twenty-one days. From gross 
inspection of the lungs of the animals, there was no difference noted in the amount of 
infection in the mice inoculated with resistant or susceptible bacilli. 

In summary: These data indicate that tubercle bacilli resistant to 25 and 50 y of iso- 
niazid no longer cause progressive visceral disease in the guinea pig. There are also indi- 
cations that strains resistant to as little as 0.2 y of isoniazid per ml. are attenuated in 
virulence 

Mice infected with tubercle bacilli made resistant to 0.2, 25, and 50 y of isoniazid per 
ml. show little difference in gross lesions from those inoculated with the susceptible 
parent strain 

The method of selection of isoniazid-resistant variants is important. The entire bac- 
terial population must be resistant to the drug, or the loss of virulence for the guinea pig 


of isoniazid-resistant strains will be obscured 
It is suggested that variations in laboratory methodology may be the explanation for 
the discrepancies in the literature concerning the virulence in guinea pigs of isoniazid 


resistant tubercle bacilli 
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THE ANTAGONISM OF THE TUBERCULOSTATIC ACTION OF ISONIAZID 
BY HEMIN 


In another report by the present writer,’ it was stated that hemin antagonized the 
tuberculostatic activity of isoniazid. It is the purpose of the present communication to 
describe in a preliminary form some details of this phenomenon. Additional and more 
detailed information regarding various factors involved in the hemin antagonism of 
isoniazid will be published at a later date. 

Tests for hemin antagonism were based on changes in the minimal 100 per cent in- 
hibitory concentrations of isoniazid, compared to the minimal 100 per cent inhibitory 
concentrations obtained in a basal synthetic medium.' Standardized suspensions of the 
H37Rv strain of Mycobacterium tuberculosis var. hominis were inoculated in twofold serial 
dilutions of isoniazid in medium with and without hemin, and the minimal 100 per cent 
inhibitory concentrations were determined by gross inspection after seven or fourteen 
days’ incubation. In all cases, growth in the maximum tolerated isoniazid concentrations 
was subcultured and found to consist of isoniazid-susceptible cells. 

As shown in table 1, hemin exhibited a competitive type of antagonism toward isoniazid. 
The maximum concentration of hemin which was employed, 320 y per ml., effected about 
a twenty thousand fold reduction of isoniazid activity. This represents an astonishing 
degree of antagonism, far greater than that reported, for example, for certain keto com 
pounds.': ? Indeed, when tested under similar conditions, no biologic, organic, or inorganic 
material or compound of the many which have been examined here has exhibited such 
marked antagonistic activity for isoniazid inhibition. It should be mentioned that in this 
laboratory the following have also been found to act as isoniazid inactivators or an 
tagonists: manganese salts, potassium cyanide, potassium ferricyanide, sodium azide, 
and sodium hydrosulfite. These, in addition to antagonists previously described,':*. * 
namely, benzhydrazide, pyridoxal, pyruvate, and a-ketoglutarate, showed definite 
isoniazid antagonism but to a much less degree than that effected by hemin. 

Additional studies have shown that the hemin antagonism of isoniazid occurred with 
other strains of mammalian tubercle bacilli, as well as with avian and saprophytic types 
of mycobacteria. Hemin, moreover, antagonized the tuberculostatic activity of other 
hydrazides, as salicylidene and benzylidene hydrazones, p-aminosalicylic acid hydrazide, 
a-picolinic acid hydrazide, and glycine hydrazide. 

It was found that the addition of bovine serum or albumin to the basal medium almost 
completely nullified hemin-isoniazid antagonism. Because hemin readily forms a hemo- 
protein with albumin,‘ and because it was found here that various heme proteins, such as 
catalase, hemoglobin, and cytochrome C, did not antagonize isoniazid, it appears that 
only “free” hemin will act as an isoniazid antagonist. 

A peculiar effect was obtained with manganese salts and hemin, one that may be 
termed “synergistic” antagonism. This is illustrated by the results given in table 2, where 
it can be seen that the antagonistic action of 1.07 of hemin per ml. was increased about 
one hundred and thirty fold by 10 y of manganous chloride per ml., whereas individually 
each compound in the same concentrations exhibited a low degree of antagonism. In 


' Fisuer, M. W.: Am. Rev. Tuberc. (to be published) 
? Scnaerer, W. B.: Am. Rev. Tuberc., 1953, 68, 273 
* Kina, M. B., et al.: Lancet, 1953, 2, 573 
*‘ Lempena, R., anp Lecag, J. W.: Hematin Compounds and Bile Pigments, Interscience 
Publishers, New York, 1949 
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TABLE 1 


QUANTITATIVE ANTAGONISM OF IsonIAzID BY HemIN 


MAXIMUM ISONIAZID CONCENTRATION 
y y PER ML.) SHOWING GROWTH® 
320.0 125.0 
160 62. 
80 31.3 


* H37Rv, basal medium, 7 days’ incubation 


TABLE 2 


Errect or MANGANESE ON Hemin ANTAGONISM OF ISONIAZID 


HEM M.L.C.* sontazip 
y PER ML 


FOLD ANTAGONISM 


0.012 
0.024 2 
0.195 16 
25.0 2,048 


* Minimal inhibitory concentration, H37Rv, basal medium, 7 days’ incubation 


similar experiments, little or no effect on hemin-isoniazid antagonism was obtained with 
salts of zinc, copper, iron, cobalt, calcium, and magnesium. 

The possibility was considered that hemin acted in some manner outside the tubercle 
bacillus to inactivate isoniazid. However, biologic, chemical, and physico-chemical tests 
have failed to reveal that hemin causes extracellular or nonmetabolic isoniazid inactiva- 
tion. This, taken into account with the apparently competitive nature of hemin-isoniazid 
antagonism, would suggest that isoniazid may act to interfere with the iron porphyrin 
metabolism of mycobacteria. 

In summary: The tuberculostatic action of isoniazid was found to be markedly 
antagonized by hemin, apparently on a competitive basis. Such antagonism occurred 
only in a simple synthetic medium and was not apparent if serum or albumin were present. 
On the other hand, manganous ions appeared to act synergistically with hemin to increase 
antagonism. Present evidence indicates that isoniazid may inhibit the porphyrin metabo 
lism of mycobacteria 

Myron W. FisHer 
Parke, Davis & ComMPaANy 
Derrorr 32, MIcHIGAN 


October 5, 1953 
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10.0 15.6 
20.0 12.5 
10.0 6.25 
8.0 6.25 
6.0 3.13 
1.56 
2.0 0.39 
1.0 0.098 
0.8 0.049 
0.6 0.049 
0.4 0.024 
0.2 0.012 
0.0 0.006 
0 0 
0 l 
10 l 


ISONIAZID-RESISTANCE AND CATALASE ACTIVITY OF TUBERCLE 
BACILLI! 


A Preliminary Report 


It has long been known that the mycobacteria, like other aerobic bacteria, produce an 
iron-porphyrin-containing enzyme, catalase, decomposing hydrogen peroxide to molecular 
oxygen and water. Evidence is accumulating that isoniazid may react with iron-porphyrins 
under physiologic conditions.*-* Therefore, grossly visible colonies of several strains of 
mycobacteria were submitted to the following test: Equal volumes of two solutions were 
freshly mixed, 30 per cent hydrogen peroxide (Superoxol, Merck) and 10 per cent Tween 
80* in distilled water. Colonies on either solid oleic-acid—albumin type agar or inspissated 
egg-yolk-potato-glycerin (American Trudeau Society) culture media were covered with this 
solution at a temperature of approximately 20°C. The presence of the Tween 80 in this 
mixture was seen to permit better inundation of the hydrophobic colonies of tubercle 
bacilli on agar media, as well as to favor the persistence of any gas bubbles which might 
be formed. The following results have been observed: 

Colonies of 3 parent, isoniazid-susceptible, laboratory strains of tubercle bacilli, 
H37Rv, Vallée, and Pearson, cultivated on an oleic-acid—albumin solid agar medium, as well 
as 10 freshly isolated, isoniazid-susceptible strains of human-type tubercle bacilli, were 
submitted to this test; they all gave positive reactions. A positive reaction consisted of the 
active evolution of grossly visible bubbles of gas from the submerged bacillary colonies 
within less than thirty seconds after application of the test solution described above 

Colonies of the isoniazid-resistant mutants of the same 3 laboratory strains of tubercle 
bacilli, which were selected and maintained by subculture in medium containing 50 y 
of isoniazid per ml., gave negative reactions in this test. These particular mutants have 
been proved® to be highly attenuated or completely nonpathogenic for guinea pigs (in 
the case of the bovine strain, Vallée, markedly attenuated for both guinea pigs and rab- 
bits). Microscopic examination of the colonies which had been submerged by the H.0Q,- 
Tween solution revealed that small gas bubbles were often promptly formed but that no 
further significant evolution of visible bubbles occurred even on prolonged observation. 

The colonies of 15 different isoniazid-resistant strains of tubercle bacilli (resistant to 
more than 10 of isoniazid per ml.) on primary isolation from sputum on the American 
Trudeau Society medium or on an oleic-acid-albumin solid agar medium, from as many 
patients treated with isoniazid, were submitted to this test; they gave negative reactions 

Colonies of 2 isoniazid-resistant strains of tubercle bacilli, cultivated on a modification 
of the oleic-acid—albumin solid agar medium, gave moderate but definitely positive reac 
tions in this test. These 2 strains proved to consist predominantly of organisms resistant 
to i0¥ of isoniazid per ml. but susceptible to 25 of isoniazid per ml. and to be capable 
of causing acute, fatal infection in guinea pigs when introduced intravenously in large 
doses. These strains were incapable of producing progressive visceral tuberculosis in 
guinea pigs when the animals were challenged subcutaneously in the groin with large 


inocula. 


' This study was aided by a grant from the Committee on Medical Research of the 
American Trudeau Society, medical section of the National Tuberculosis Association 

? Fisner, M.: Personal communication, May, 1953. 

* Gray, C. T.: Bacteriol. Proc. Soc. Am. Bacteriologists, 1953, p. 89. 

‘Tween 80 is the proprietary name for the polyoxyethylene derivative of Sorbitan 
monooleate, obtainable from the Atlas Powder Co., Wilmington, Delaware. 

’ MippLesRook, G., anp Coun, M. L.: Science, 1953, 118, 297. 
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Colonies of several attenuated or avirulent isoniazid-susceptible strains of tubercle 
bacilli (a BCG strain, the H37Ra variant of the H37Rv strain, and a laboratory strain 
designated CMHA) all gave positive reactions in this test. 

Two saprophytic, nonpathogenic strains, M. phlei and M. smegmatis, natively resistant 
to much higher concentrations of isoniazid in vitro than are native strains of mammalian 
tubercle bacilli, gave much stronger reactions in this test than did the isoniazid-susceptible 
strains of tubercle bacilli 

Old, spontaneously autolyzed, cultures of isoniazid-susceptible strains of tubercle 
bacilli on the American Trudeau Society medium often gave negative or doubtful reac- 
tions 

Cultures of 3 strains of tubercle bacilli which proved, on being plated out on an oleic- 
acid—albumin solid agar medium containing various concentrations of isoniazid, to con- 
sist of mixed populations of isoniazid-susceptible and isoniazid-resistant organisms gave 
weakly to moderately positive reactions in this test 

The failure of colonies of isoniazid-resistant mutants to give a positive reaction in this 
test was not influenced by the omission of isoniazid from the culture medium on which the 
tested colonies were grown, provided such mutant strains were not repeatedly subcultured 
in the absence of isoniazid 

In summary: Mutants of several strains of virulent tubercle bacilli which are highly 
resistant to the antimicrobial activity of isoniazid in vitro, and whose pathogenic proper- 
ties are markedly attenuated for guinea pigs under certain experimental conditions, mani- 
fest no “catalase activity” in vitro either in the presence, or in the absence, of isoniazid. 

GARDNER MIDDLEBROOK 
DEPARTMENT OF RESEARCH AND LABORATORIES 
NATIONAL Jewisn HosprraL at DENVER, AND 
DEPARTMENT OF MICROBIOLOGY, 
University oF CoLorapo ScHoo. oF MEDICINE 
Denver, CoLorapo 


October 7, 1953 
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FILTERABLE FORMS OF MYCOBACTERIUM TUBERCULOSIS 


To the Editor of the American Review of Tuberculosis: 


In a recent letter to this journal (Négre, L., and Bretey, J.: Am. Rev. Tuberc., 1953, 
68, 467), Négre and Bretey have endeavored to “separate the erroneous interpretation 
from the facts” in the thirty-year-old controversy about filterable forms of Mycobacterium 
tuberculosis. 

It may be useful also to examine this question briefly from the morphologic viewpoint 
During the past ten years, as we have shown in a recent review (Werner, G. H.: Advances 
in Tuberculosis Research, 1951, 4, 53), the cytologic study of M. tuberculosis has been 
advanced considerably through the use of electron-microscopic methods. A cell wall, a 
cytoplasmic membrane, vacuoles, cytoplasmic granules assimilated to mitochrondria 
(Winterscheid, L. C., and Mudd, S.: Am. Rev. Tuberc., 1953, 67, 59), and a nuclear 
apparatus similar to the one observed in other bacteria have been recognized. Morphologic 
differences with the method of cultivation, the age of the culture, the strain employed, 
and the virulence of the strain (Werner, G. H.: Presse méd., 1951, 50, 1043) have also been 
described. In no case, however, was it possible, with the electron microscope, to find evi 
dence for the presence of stages resembling the “‘filterable forms” previously described 
with light-microscopic methods 

Nocard and Roux (Nocard, E., and Roux, E.: Ann. Inst. Pasteur, 1887, /, 24) and 
Metchnikoff (Metchnikoff, E.: Virchows Arch. f. path. Anat., 1888, 1/73, 63) knew long 
ago that, besides binary fission, other modes of division, such as budding or branching, 
exist in M. tuberculosis. This has been confirmed by electron microscopy, but these modes 
of division do not produce daughter-cells which differ in size or in shape from the ordinary 
bacilli. On the other hand, it is possible by various methods to fragment the cytoplasm of 
M. tuberculosis into small, spherical units which possess the same antigenic properties 
as killed tubercle bacilli (Laporte, R.: Ann. Inst. Pasteur, 1943, 69, 262). These particles 
can also be seen under the electron microscope, but they do not multiply in artificial 
media nor do they cause progressive disease in susceptible animals. 

Although electron-microscopic studies have hitherto failed to bring forth any unques 
tionable evidence for the existence of true filterable forms in M. tuberculosis, some ob 
servations may partly explain the results of filtration experiments, and this explanation 
seems to agree with the one offered by Négre and Bretey (see above) 

By growing tubercle bacilli on a thin collodion membrane covering a plate of oleic-acid 
albumin agar, it is possible to study them under the electron microscope with a minimum 
disturbance of their natural appearance. After several days of incubation, a small piece 
of the collodion membrane is transferred onto an electron-microscopic screen and ex 
amined directly. Only relatively young cultures can be studied by this method, since the 
growth soon becomes abundant, leading to specimens too opaque for electron microscopy 

With this technique, examining the pictures obtained of a ten-day-old culture of the 
H37Rv human strain, for instance, one is struck by several facts. First, the marked 
flexibility of the cell wall of the tubercle bacillus is evident in the ‘‘cords’’ where the bacilli 
are pressed against one another. Instead of straight, rigid rods, one observes bacilli which 
are bent in all directions, distorted, and stretched. In some bacilli, the elastic cell wall 
seems to be moulded to the surface of its immediate neighbors; this surface often shows 
small, pseudopod-like protrusions which fit closely into corresponding depressions in the 
surface of adjacent bacilli 
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The extreme ductility of the cell wall o! M. tuberculosis is coincidentally demonstrated 
when, under a strong electron beam, the supporting collodion membrane breaks and rolls 
up. Any bacillus which happens to lie on that membrane on both sides of the cut is then 
submitted to a considerable traction, but it will usually stretch up to twice its original 
length before breaking. Similar observ\tions, on avian tubercle bacilli, have led Knaysi 
and associates (Knaysi, G., Hillier, J., and Fabricant, C.: J. Bact., 1950, 60, 423) to 
state that, in those bacilli “the cell wall is ductile to an unusual degree.” 

Among the numerous factors involved in the ability of microorganisms to pass through 
bacteriologic filters, there can be no doubt that the ductility and elasticity of the cell 
wall, as well as the deformability of the entire cell, play an important role. This is es- 
pecially true for nonmotile species, such as M. tuberculosis. Bacteria endowed with a 
highly ductile and elastic cell wall will find their way more easily through the staggered 
pores of porcelain filters, especially if the applied pressure is increased above the normal 
value. 

Ductility and elasticity of the cell wall vary to a great extent among the bacterial 
species and also within the same species, with varying conditions. For instance, electron- 
microscopic studies of M. tuberculosis have shown that, in older cultures in liquid media, 
the bacilli are shorter and even coccoid in shape and that they lose that marked 
ductility, their cell wall becoming much more rigid, less deformable. This observation may 
explain why, as pointed out by Négre and Bretey, the passage of viable bacterial elements 
through bacteriologic filters has been noted only when using young cultures of M. tubercu- 
losis. 

Négre and Bretey also suggest that the smaller lipid content of young bacilli may be a 
reason for their special behavior. Indeed, it has been shown by Asselineau (Asselineau, J.: 
Ann. Inst. Pasteur, 1951, 81, 306) that some lipids are present in smaller quantities in 
bacilli from young cultures. In addition, electron microscopy of older tubercle bacilli 
previously extracted with hexane indicates the great extent to which the lipids account 
for their cytoplasmic mass (Werner, G. H.: Advances in Tuberculosis Research, 1951, 
4, 79). One may assume then that young bacilli, containing a smaller amount of cytoplasmic 
lipids, will have less difficulty than older ones in passing through the holes of filters. 

Furthermore, electron microscopy has revealed that, in cultures of the human virulent 
strain H37Rv, two types of bacilli can be recognized (see Werner, above): those in which 
the cytoplasm is relatively opaque to the electron beam and those in which the cytoplasm 
is extremely transparent. The ductility of the cell wall is even more evident in the trans- 
parent bacilli, and the lesser opacity of their cytoplasm to the electrons suggests that 
some material, present in the more opaque bacilli, is either absent altogether in this in- 
stance or present in smaller amount. If these transparent bacilli are the ones which pass 
more easily through bacteriologic filters, one might then expect that the biologic prop- 
erties of the filtrate would differ somewhat from those of the original culture. 

In summary, among the factors involved in the filterability of bacilli from young cul- 
tures of M. tuberculosis, one should, in our opinion, consider the marked ductility and 
elasticity of their cell wall as well as their lesser content of cytoplasmic lipids, features 
which may be more pronounced in some bacilli than in others within the same culture. 

Respectfully yours, 


Georces H. WeRNeER 
New York Strate Mepicat Center 


Brooxiyn 2, New 


November 1, 1953 


MENINGITE TUBERCULEUSE AND TuBERCULOSE Miuiarre pe L’Enrant: Leur TRalre- 
MENT. By Robert Debré and H.-E Brissaud. Pp. 632, Masson and Cie, Paris, 1953. 


The authors report in this book their experience with antimicrobial therapy in 644 cases 
of tuberculous meningitis in children observed during a period of five years. From this 
vast experience they have written a treatise on the disease which covers all the new aspects 
with which the physician has to be familiar in order to obtain the maximum benefit from 
the therapeutic means actually at his disposal. They begin this treatise by defining the 
epidemiologic conditions under which the disease is most likely to occur. They describe 
the symptomatology of the prodromal stage and of the onset of the disease and outline 
the elements on which an early diagnosis can be based. They follow the disease in its 
variety of evolutions, relapses, and complications. They show how these different eventu- 
alities can be recognized, and often predicted before the appearance of clinical signs, from 
the cytologic, chemical, and bacteriologic findings in the cerebrospinal fluid, from the 
results of the opthalmologic examination, and from the encephalogram. All of these 
methods of investigation are analyzed in their many details. 

Speciai attention is paid to the problems of evaluation of therapy, since the same 
treatment may give very different results depending upon whether it is applied at an early 
or at a more advanced stage of the disease. The elements are outlined upon which the 
prognostic evaluation of each case can be based before treatment. 

In the chapter on treatment, the authors consider the various forms of drug therapy, 
the problems of dosage and duration of chemotherapy, and the indications for neurosurgical 
interventions. They advocate a generally and locally applied polyvalent drug therapy of 
long duration, with streptomycin in moderate doses, which has permitted nearly complete 
elimination of neurotoxic sequelae. In a last chapter the authors summarize their experi- 
ences with 170 cases of miliary tuberculosis. 

This remarkable book is written in an elegant style. It is documented by numerous 
case reports, statistics, illustrations of the pathologico-anatomical findings, and biblio- 
graphic references. Its importance can hardly be overemphasized. 

WERNER B. 
Denver, Colorado 


Errective INHALATION THERAPY. By Edwin Rayner Levine, Pp. 157, National Cylinder 
Gas Company, Medical Division, Chicago, Illinois. 


In this 157-page book the author attempts to illustrate the mechanism by which oxygen 
lack is produced in clinical illness in the hope that such graphic illustrations will make 
clear the rationale of the use of inhalation therapy. The author is aided in this effort by 49 
superb cartoon-like diagrams in color. Dr. Levine reviews the physiology of respiration, 
the gas exchange between the alveoli and the blood stream, and the particular problems 
in such situations as pneumonia, bronchial obstruction, pulmonary edema, and emphy 
sema. Emphasis is placed on the importance of careful observation and the use initially 
of low concentrations of oxygen in the treatment of patients with chronic oxygen lack in 
order to avoid respiratory depression and CO, narcosis. In the discussion of the treatment 
of pulmonary edema, emphasis is also given to the importance of starting with no positive 
pressure when the mask is first applied to avoid producing a sense of oppression and 
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labored breathing, then gradually increasing to 4 cm. of water-positive pressure, and finally 
reducing the positive pressure gradually in order to avoid the return of pulmonary edema. 

Dr. Levine and the publishers have directed this effort principally at nurses and tech- 
nical personnel and have provided a glossary of medical terms. The text lacks, however, 


the clear scientific exposition with reference to original investigation as well as the bibli- 


ography which make other treatises on inhalation therapy more valuable for the physician. 
Avroum B. OrGANICK 
New York, N. Y 


Tue Concertrion or Disease. Its History, Its Versions, and Its Nature. By Walter 
Riese. Pp. 120, Philosophical Library, New York, Price, $3.75. 


This monograph is a study of the various concepts of disease held in the history of man. 
The concepts discussed include Stoic, Platonic, anthropologic, moral, Hippocratic, Galenic, 
anatomic, etiologic, social, psychologic, ontologic, biographic, and metaphysic. The 
author points out in the foreword that all of these various concepts exist side by side at 
each stage of human history 

All elements are considered to be always present, with the emphasis being changed from 
time to time, depending upon the prominent teachers of the day and the prevailing scien- 
tific, historic, social, and philosophic influences. 

There is doubtless much of interest to the medical historian and the philosopher in this 
book. The nature of the topic and its scope make it a difficult subject to treat. The various 
concepts of disease have been somewhat artificially separated and lifted out of context in 
order that they may be discussed individually. In addition, it is apparent that much of 
the categorization depends upon the author’s own opinions. This may be necessary to 
achieve the purpose of the monograph but the over-all effect is of poor integration. 

Louise H. Ormond 
Seattle, Washington 


BOOKS RECEIVED 


Die BEHANDLUNG DER KNOcCHEN- UND GELENKTUBEKULOSE. By Heinz May. Pp. 221, with 
illustrations, Ferdinand Enke Verlag, Stuttgart, 1953 

FUNDAMENTALS OF Rapiograpay. Eighth Edition. Pp. 100, Medical Division, Eastman 
Kodak Company, Rochester, New York, 1953 

SoctaL InrorMATION Report IN THE ADMINISTRATION OF AID TO THE PERMANENTLY 
Disasiep. By Dorothy T. Pearse. Pp. 47, U. 8. Department of Health, 
Education, and Welfare, Social Security Administration, Bureau of Public Assistance, 
Division of Program Standards and Development, Washington 25, D. C., 1953, 
Price, 30 cents 

TuBerkvuLose-Janreucn 1951/52. By H. C. Ickert. Pp. 212, Springer-Verlag, Erlin, 
Gottingen, and Heidelberg, 1953 

Synopsis or Mepicat Entromowoey. By V. E. Brown. Pp. 219, with illustrations, Ed- 
wards Brothers, Inc., Ann Arbor, Michigan, 1953. 

TupercuLose Putmonarre et PLeurace. By Pierre-Bourgeois. With the collaboration 
of P. Boulenger, G. Canetti, R. Cohen, J. P. Garaix, R. Génévrier, Ch. Gernez 
Rieux, M. Iselin, A. Meyer, G. Roche, G. Rollin, and Vic-Dupont. Pp. 946, Editions 


Medicales Flammarion, Paris, 1953 
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INTERNATIONAL UNION AGAINST TUBERCULOSIS 


The International Union Against Tuberculosis will hold its Thirteenth Session in 
Madrid, Spain, September 26—October 2, 1954, under the patronage of General Francisco 
Franco. Presiding over the conference will be Professor Crespo Alvarez, president of the 
Union 

Meetings of the Conference of Executive Directors of National Tuberculosis Associa 
tions, the Executive Committee, and the Union’s governing body, the Council, will be 
held September 24 and 25 

Scientific sessions on the social, biological, and clinical aspects of tuberculosis have 
been planned, with the following topics and main speakers: 

“Bacteriological and Anatomical Changes in Tuberculous Lesions Under Antibiotic 
and Chemotherapeutic Treatment’’*—Dr. George Canetti, Pasteur Institute, Paris; “In 
dications and Choice of Surgical Procedures in Patients with Pulmonary Tuberculosis 
Treated by Chemotherapy’—Dr. Kjeld Torning, @resundshospital, Copenhagen, and 
Dr. Clarence Crafoord, Séderby Hospital for Tuberculosis, Stockholm; and “Changes in 
the Control of Tuberculosis as a Result of Modern Therapy’’—Dr. Blanco Rodriguez, 
Madrid 

The program will also include a special symposium on animal tuberculosis, planned in 
connection with a veterinary congress which is being held in Madrid at the time of the 


Union session. 


THIRD INTERNATIONAL CONGRESS ON DISEASES OF THE CHEST 


The Third International Congress on Diseases of the Chest will be held October 4-8, 
1954, in Barcelona, Spain 

Free communications will be held on Diseases of the Chest and Thoracic Surgery 
Anesthesiology, Experimentation, Tuberculosis, Cancer, Thoracic Wall, Lungs, Pleura, 
Mediastinum, Esophagus, Pericardium, Heart, Great Vessels, and Diaphragm 

The Congress will meet in Sections corresponding to each of the thoracic specialities 
At the end of the meetings there will be an hour of discussion to be held on the themes, 
which will be announced in time 

Five minutes will be given 48 a minimum and fifteen as a maximum for the lecture of the 
surnmaries 


During the celebration of the Congress an exposition of surgical, clinical, radiological, 


and photographic materials as well as pharmaceutical products, books, and arts related to 


medicine will be installed at the “Hospital de la Santa Cruz y de San Pablo” of Bar 
celona 
The official languages will be: Spanish, English, and French 
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All physicians and surgeons who wish to attend this Congress may write for the pro 
gram as well as for any other information to the General Secretary of the Congress 
Cércega, 393, 4°. 1*.—Barcelona, Spain 


DR. SCHEPERS NAMED DIRECTOR OF THE SARANAC LABORATORY 


Dr. Gerrit Willem Hendrik Schepers of Johannesburg, South Africa, has been named 
Director of the Saranac Laboratory of the Trudeau-Saranac Institute, Trudeau, New 
York. He is expected to assume his new duties in the late spring 


Under Dr. Schepers’ direction, it is expected that the work of the Saranac Laboratory 
conducted by previous directors, Drs. Edward R. Baldwin, Leroy U. Gardner, and Arthur 
J. Vorwald, will be continued and expanded 


ANNUAL MEETING OF THE AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


The forty-sixth annua! meeting will be held in Atlantic City, New Jersey, on Monday, 
May 3, 1954, at 9:00 a.m. Business meetings will precede the morning and afternoon 
scientific sessions. Headquarters will be at the Chalfonte-Haddon Hall Hotel. The meet- 
ings will be held in the Steel Pier Theater 

Reservations at Chalfonte-Haddon Hall may be made at the following rates: double 
room, each person, $4.50 to $11.00; single occupancy, $6.00 to $10.00. 


Where pastime and profession meet... 


| hough his hobby is orchid culture and his of procedures and materials. That is why, as 
profession, radiology; though the end _ re- a physician, it is his practice to demand the 
sults of pastime and career are as different uniformity and dependability of Kodak Blue 
as day and night, there is, nevertheless, one Brand X-ray Film and Kodak x-ray chemicals 
important, basic similarity. In pursuit of —made to work together—made to produce 
both, the radiologist must make precise us radiographic results that are trustworthy. 


hor superior radiographie results, 
follow this simple rule 


Use Kodak Pr 
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X-ray Film iD ORT 


Order from vour x-ray dea 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 
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BRAND OF OXYTETRACYCLINE 


may be used adjunctively 


with streptomycin in tuberculosis 
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THE AMERICAN REVIEW OF TUBERCULOSIS 


Ready March 15th 


TUBERCULOSIS IN CHILDHOOD 
AND ADOLESCENCE 


With special reference to the pulmonary forms of the disease 
by 
F. J. BENTLEY, MD, FRCP, DPH, Senior Physician, 
Ss. GRZYBOWSAKI, MD, MRCP, Senior Registrar, 
High Wood Hospital for Children, Brentwood, Essex. 
and B. BENJAMIN, BSc., FIA, formerly Statistician, London County Council. 
Clothbound $5 
272 pages, including many tables and charts, and 32 pages of radiographs. 
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National Association for the Prevention of Tuberculosis 
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THE AMERICAN REVIEW OF TUBERCULOSIS 


New NTA Publication 


Pennsylvania Pioneers 


AGAINST 


Tuberculosis 


By Esther Gaskins Price 
294 Pages Cloth Bound $5.00 a Copy 


In this fully documented volume, there are brought together for the first time 
the stirring facts about the inception, development, and fruition of one of the most 
successful health crusades in history 

When this crusade started, tuberculosis was claiming human lives at the rate 
of more than 20,000 in a single decade in Philadelphia alone. Popular superstitions, 
medical conservatism, the hostility of landlords, industrialists and politicians, were 
some, but by no means all, of the difficult road blocks which confronted the pioneers 


Original Sources 

Utilizing the proceedings of some of the most important medical meetings of the 
19th century—the archives of the Pennsylvania Tuberculosis and Health Society 
and public health departments, newspaper files, and family records—PENNSYL- 
VANIA PIONEERS AGAINST TUBERCULOSIS gives the historic details of the 
long drawn out battle waged by pioneers in the tuberculosis control movement. 

This battle, spearheaded by Lawrence Flick and a small but forward-thinking 
group of earnest co-workers, finally led, among many other specific results, to the 
creation of the original tuberculosis society in the United States and the establishment 
of the first institution in medical history to concentrate on the prevention and treat- 


ment of a sin:‘le illness 


Readers of the American Review of Tuberculosis will find in this book 
interesting and valuable background data, never before available, covering 
the critical period in which effective health control measures first began to 


assume their present shape. 
Send your order today to: 


National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 


Additional postage outside U.S. and Canada, 50 cents a copy 
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50th ANNIVERSARY a NATIONAL TUBERCULOSIS ASSOCIATION 
Annual Meeting, Atlantic City, New Jersey, May 17-21, 1954 


The 50th Anniversary of Hotels offering accommodations through the Atlantic City 


the National Tuberculosis As 
sociation will be celebrated at AMBASSADOR, Boardwalk at Brighton Avenue 
its Annual Meeting to be held Singles —$6.00-$18.00 Parlor Suites $20 .00-$45 
in Atlantic City, New Jersey Doubles—$8 .00-$20 .00 
May 17-21, 1954 CHELSEA, Boardwalk at Morris Avenue 
the Singles —$6.00-$12.00 Two Rooms—Connecting Bath 
Doubles—$S8 .00-$16.00 $12.00-$18 
Parlor Suites $24 .00-$30 .00 
LASTBOURNE, Pacific and Park Place 
Singles 5.00-$ 7.00 Two Rooms—Connecting Bath 
Doubles —$7 .00-$10.00 $10.00-S16 
FOX MANOR, 2720 Pacific Avenue 
Singles $5.00-$ 8.00 Two Rooms—Connecting Bath 
Doubles —$6 .00-$12.00 $15.00-$25.00 
programs Three Rooms—Connecting Bath—$18.00-$30.00 
Applications for rooms Parlor Suites $15.00-$30 .00 


Convention Bureau and their rates are 


Three adjacent hotels 
Ambassador, Chelsea and Ritz- 
Carlton, will serve as head- 
quarters. Sessions and confer 
ences will be divided among 
the three hotels with no one 
hotel marked exclusively for 


medical or community service 


should be made directly to the MARK, 100 South Chelsea Avenue 

hotel of choice. In the event Singles $5.00-$ 7.00 Two Rooms—Connecting Bath 
that the hotel is unable to pro Doubles —$6.00-$ 8.00 $14.00-S$16 
vide the desired space, requests Motel Rooms $10 00-S$16 
will be turned over to the Con RITZ-CARLTON, Boardwalk at lowa Avenue 

vention Bureau, which will Singles —-$6.00-$ 8.00 ['wo Rooms—Connecting Bath 


clear requests with another one Doubles —$8 .00-$16.00 $20 .00 
Parlor Suites $35.00 


of the cooperating hotels 


POSITIONS AVAILABLE 
AND WANTED 


Now Available in Spanish 


Clasificacion y 
sertion for 25 words or leas; additional wordse—2 cents Diagnostico Sta ndard 


each. Bor number—75 cents extra. Employment Bu- 

reause—$10.00 per column inch. Remittance should ac- (DIAGNOSTIC STANDARDS) 
company copy and be sent to: American Review of 

Tuberculosis, 280 Madison Ave.. New York 16, N.Y. 


RATE $3.50 per insertion for 25 words or less; additional 
words —15 cents each. Bold face semi-display $5.00 per in- 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
than 100,000 physicians, this accepted authority 
on terminology, standard tests and classification 
in tuberculosis has now been translated into 
Spanish by Professor H.Orrego Puelma of the Uni 
PC SI I IONS AVAII ABLI versity of Chile Faculty of Medicine , assisted by 
Doctors Raul F. Vaceareza, Ignacio Baldo anid 
Armando Alonso, and is available to interested 
rULARE-KINGS COUNTIES TUBERCULO. | Physicians in the form of a 64-page publication 
lo cover handling costs, a price of 50 cents 
SIS HOSPITAI SPRINGVILLI CALIFOR American funds or the equivalent) has been 
NIA, offers approved _residencie pulmonary established. Your order is cordially invited and 
will have immediate attention 
diseases. Excell t program in modern hos il} Please address orders to 


cluding non-tuberculous d DR. ORREGO PUELMA 
including furnished home for fam 


Hospital del Salvador, 


mec il cirector 


58 Vicuna Mackenna, Santiago, Chile. 


ASSURES INTAKE OF 


Each BUFFERED PARASAL-INH toblet~ BOTH PAS AND INH 
contains 0.5 Gm. PAS ond 12.5 mq. INH 2 


EPPECTIVE because combination BUFFERED 
PARASAL-INH therapy both diminishes 
and postpones development of resistance. 


ECONOMICAL and CONVENIENT because 
40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets re 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents Gi upset even in cases in- 
tolerant to ordinary sodium PAS 

Sodium and sugar free 


+ Write for samples, literature, complete information 


THE 
CORP. 


© 1953 The Ponrey Corp, New York 340 CANAL STREET, N.¥.13, N.Y. 


& PARA ~ = 
| | INH Therapy - 
Spas and INF blet 
Gi in ONS | 
SINGLE DOSAGE FORM 
Desege Equiverents 
SUFFERED PARASALINH PAS 
24 Tablets = 12Gm. + 300 mg. 
2 Tablets = 10Gm. + 250 mg. 
1S Tablets = 9 Gm. + 225 mg. 
WTeblets = + 200 mg. 
“ 
=— 


Hycoda 


BITVARTRATI Dihydrocodeinone 


- whenever 


COUGH THERAPY is indicated 
young folks 
old folks 


in-between folks 


Three forms available: Oral Tablets (5 me. per tablet 
pres aspoonful Powder (for con pounding 


Svrup 
hlankh re quired lierage adult dos 
Products Ine ond Hill 18 


‘ i 


